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PREFACE 

The present time is especially active regarding planning and implementation of capabilities 
for observing the oceans from space. The Navy's Geosat Exact Repeat Mission is due to 
begin this October and the prospect for data access appears good. We have signed an MOU 
with Navy regarding our provision of a NASA Scatterometer (NSCAT) to fly on their N-ROSS; 
also, the Navy will shortly issue an RFP to select the satellite contractor for N-ROSS. 
Implementation of ESA's ERS-1 mission is proceeding well, and ESA has just released an 
A.O. for the selection of science investigators. The Japanese have obtained approval for 
development of their ERS-1 mission. Implementation planning for our Alaskan SAR Facility 
(ASF) is proceeding well, and we have recently signed an MOU with ESA including the direct 
reception of their ERS-1/SAR data at the ASF. TOPEX, proposed as a joint mission 
(TOPEWPOSEIDON) with the French Space Agency (CNES), is NASA's highest priority 
science new start and is pending approval by Congress in the FY 87 budget; given 
Congressional guidance, we are prepared to issue an A.O. for selection of a science team 
and an RFP for the satellite contractor. We are supporting NOAA in their attempt to secure 
an industrial initiative for implementation of an OCI. 

The heads of the ocean-related agencies, via the Ocean Principals Group, have agreed to 
develop a national long-range plan for ocean research, and we are supporting NSF as the 
lead agency in this endeavor. The greater oceanographic community is actively planning 
large-scale research programs--WOCE, TOGA, GOFS, and PI POR--which will derive 
considerable benefit from the spaceborne capabilities described above. Within our own 
program at NASA, we have initiated an Ocean Data Systems Program and are working with 
the JOI Satellite Ocean Data System Science Working Group, in anticipation of the 
forthcoming flood of spaceborne observations. Finally, the two PBS-TV productions which 
were televised recently can only help in our collective effort to promote public awareness of 
the exciting opportunities and challenges, as oceanography moves into the next decade. 

This, the sixth annual report for NASA's Oceanic Processes Program, provides an outline of 
our recent accomplishments, present activities, and future plans. Although the report was 
prepared for fiscal year 1985, the period covered by the introduction extends into June 
1986. We hope you find the report useful, and we would appreciate hearing from you in the 
event you have any questions or comments. We would like to express our appreciation to all 
those individuals who have contributed material to our report. We are particularly grateful to 
Penny L. Peters, Joint Oceanographic Institutions Inc., for editing this document. 
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SECTION I - INTRODUCTION 

The overall goals of the Oceanic Processes Program are: (1) to develop spaceborne 
techniques and to evaluate their utility for observing the oceans, (2) to apply these 
techniques to advance our understanding of the fundamental behavior of the oceans, and 
(3) to assist users with the implementation of operational systems. We are working closely 
with the operational oceanographic community because many of the specific research 
questions being addressed by our program, when answered, will help provide an improved 
capability for the utilization of spaceborne techniques for operational purposes. 

The program is organized into four components; they and their respective program 
managers are: (1) Physical Oceanography -- Dr. William C. Patzert; (2) Ocean Productivity - 
Dr. Curtiss 0. Davis; (3) Polar Oceans -- Dr. Robert H. Thomas; and, (4) Oceanic Flight 
Projects -- Mr. William F. Townsend and Mr. James R. Greaves. The science discipline 
program managers are rotators. In FY 86, Mr. Ernest T. Young and Dr. James G. Richrnan 
have taken over the Physical Oceanography Program, and Dr. Kenneth C. Jezek has taken 
over the Polar Oceans Program. Dr. Eni G. Njoku will be the program manager for the new 
Ocean Data System to deal with the growing activity in this area. 

The distribution of NASA's FY 85 ocean-related funding is approximately as follows: 

Jet Propulsion Laboratory 
Goddard Space Flight Center 
Academic Institutions 
Industry 
Other Government Agencies 
Miscellaneous 

$ 5,700 K 
4,700 
4,900 

500 
300 
100 

Total $ 16,200 K 

Additional funding that benefits the Oceanic Processes Program 
includes: $11.8M to initiate development of the NSCAT sensor and its 
associated data system, $1 .OM for operational processing of NIMBUS-7 
CZCS and SMMR data at Goddard Space Flight Center, and $2.OM for 
developmental activities related to the Pilot Ocean Data System (PODS) 
at Jet Propulsion Laboratory; this brings the total FY 85 budget of NASA 
ocean-related funding up to $31 .OM. 

Various Science Working Group (SWG) activities have been underway during the past few 
years and are outlined in Table 1. The focus has been on the definition of science questions 
addressable by particular ocean satellite sensors and the corresponding performance 
specifications for those sensors and/or associated data systems. A summary of the more 
recent SWG activities is given in Section II; written reports for each are available from NASA 
Headquarters. 

Notable publications which have recently appeared include: 

Baker, D. J. (ed.), 1985: Oceanography from Space: a research strategy for the 
decade 1985-1 995, (Part 11) proposed measurements and missions. Joint 
Oceanographic Institutions Inc. Special Report. 32 pp. 



Brown, 0. B., R. H. Evans, J. W. Brown, H. R. Gordon, R. C. Smith and K. S. Baker, 
1985: Phytoplankton blooming off the U. S. East Coast: a satellite description. 
Science, 229, 163-1 67. 

Hovis, W. A., E. F. Szajana and W. A. Bohan, 1986: NIMBUS-7 CZCS Coastal Zone 
Color Scanner Imagery for Selected Coastal Regions. NASA Goddard Space 
Flight Center. 99 pp. 

Maul, G. A., 1985: Introduction to Satellite Oceanography. 'Martinus Nijhoff 
Publishers. 599 pp. 

Njoku, E., R. L. Bernstein, et al., 1985: Satellite sea surface temperature 
comparisons. Six articles presenting the results of the JPL sea surface 
temperature workshops. E. Njoku and R. L. Bemstein, (eds.). J. Geophys. Res., 
90, C6, 11571-11651. 

Stewart, R. H., 1985: Methods of Satellite Oceanography. Univ. of California Press., 
San Diego, CAI 360 pp. 

PHYSICAL OCEANOGRAPHY PROGRAM 

The Physical Oceanography Program continues to be focused on the oceanographic 
utilization of altimeter and scatterometer data. This Program emphasizes the development of 
improved spaceborne techniques to observe and study oceanic and meteorological 
parameters in the two areas of Ocean Circulation and Air-Sea Interactions. 

The goal of the Ocean Circulation studies is to determine the global oceanic general 
circulation and its variability, heat content and thus, horizontal heat flux. The aim is to 
develop an improved understanding of the ocean's role in climate variability. The proposed 
TOPEWPOSEIDON altimetric mission, planned for launch in late 1990, forms the basis of this 
program. To provide a sound scientific framework for interpretation of the satellite data, 
emphasis is placed on theoretical analysis, modeling based studies aimed at assimilation of 
satellite and in situ data for research, and the analysis of historical data collected from space. 

Significant accomplishments in Ocean Circulation studies during FY 85 include efforts from 
algorithm development to full utilization of altimeter data to investigate unique aspects of 
ocean variability. We are looking at pattern recognition techniques that can be used to 
identify and characterize eddy structure. Error analysis was, and will continue to be, an 
important part of the program. Error analysis includes: the identification of errors in precise 
orbit determination; and, the propagation of errors, generated in data assimilation, into ocean 
circulation models. 

SEASAT altimeter data was used to determine the eddy distribution in the Southern Ocean. 
A new pattern recognitjon technique was used. .A determination is being made as to 
whether mesoscale fluctuations provide the principle mechanism by which heat, salt and 
nutrients are transported meridionally across the Antarctic Circumpolar Current. Optimal 
filtering of altimetry data as input to various scales of ocean models was addressed. The 
value of integrating satellite infrared and in situ data with €he SEASAT altimeter data for the 
purpose of studying mesoscale features has been demonstrated. 

The Physical Oceanography Program, concentrating more of its resources on the analysis of 
satellite data and plans for future space missions, has phased out the development of in situ 
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instrumentation. 

In mid-1986, NASA will release an Announcement of Opportunity (A.O.) soliciting science 
investigations that will utilize TOPEWPOSEIDON data. The investigations will be 
coordinated with the large, international oceanographic experiments planned for the early 
1990's: the World Ocean Circulation Experiment (WOCE) and the Tropical Oceans Global 
Atmosphere (TOGA) Program. 

The thrusts of the Ocean Circulation studies will continue to be: the antilysis of historical 
altimeter data; the development of error analysis techniques; the development of optimum 
data assimilation; the development of ocean models primarily designed for using huge 
amounts of satellite data, particularly altimeter data. We must ensure that we are adequately 
preparing for full and effective use of TOPEX data. 

NASA is anticipating the full release of all data from the Navy's GEOSAT Exact Repeat 
Mission. With raw GEOSAT data we will be able to test and evaluate new refinements in orbit 
determination. Our use of GEOSAT data to address ocean variability will provide assistance 
in preparing for TOPEX processing. 

The goal of the Air-Sea Interaction studies is to determine the winds over the world's oceans 
with an accuracy sufficient to advance our understanding of the physical processes occurring 
in the layers of the oceans and atmosphere close to the sea surface. Specific objectives are 
to determine surface wind stress, ocean surface waves, air-sea fluxes of momentum and 
heat, and wind-driven ocean currents. The NASA Scatterometer (NSCAT), planned for flight 
aboard the US. Navy's Remote Ocean Sensing System (N-ROSS), scheduled for launch in 
late 1990, forms the basis for this program. 

One of the main accomplishments in Air-Sea Interaction in mid-FY 86 was the selection of a 
Science Definition Team for NSCAT. This team was selected following rigorous competition 
in response to a NASA Announcement of Opportunity. During the NSCAT Program 
pre-launch phase, the Science Definition Team will make recommendations to the project 
engineers to optimize the design characteristics to best meet mission objectives. They are 
also charged with the responsibility for development of a Science Plan for the Mission. 

In preparation for NSCAT, projeuts were undertaken to determine the intrinsic properties of 
gravity/capillary waves in the presence of gravity waves and wind field. In order to describe 
the statistical characteristics of the ocean surface, we are investigating the various dynamic 
processes that control the surface geometry. 

Participating in the Frontal Air-Sea Interaction Experiment (FASINEX), NASA investigators 
collected data to study the dependence of electromagnetic scattering by the ocean surface 
at different microwave frequencies. (They will also determine the effects of large wave 
slopes and atmospheric stability on different Bragg scatterers.) 

In support of the TOGA program we are studying the upper layers of the tropical ocean with 
the broad goal of understanding and learning to model the processes that determine sea 
surface temperature, with our focus on simulating those features that influence the 
atmopshere. Investigators are also forming an understanding of how errors, introduced in 
measuring wind stress, propagate through atmospheric model forecasting. 

As with altimeter data, the Air-Sea Interaction program is dedicated to ensuring complete, 
effective use of scatterometer data. Individual projects deal with all aspects of this from error 
analysis to atmospheric model development which will have the potential for time continuous 
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assimilation of scatterometer winds. 

The thrusts initiated for the Air-Sea Interaction program last year will continue. We will work to 
improve our understanding of the relationship between scatterometer winds and the sea 
surface wind field. Of particular interest will be the establishment of a sound physical basis 
relating radar backscatter to sea surface stress. We will soon be in a position to distribute 
SSM/I data (scheduled for launch in January 1987). The Ocean Energy Flux Science 
Working Group will assess the useful ocean parameters obtainable from SSM/I data. We are 
starting now to look at the entire scope of the effort required to first obtain Air-sea data, put it 
in a usable form, ascertain its accuracy and then use it to drive simulation and analysis. 

OCEAN PRODUCTIVITY PROGRAM 

The goal of the Ocean Productivity Program is to improve our capability to measure the 
primary productivity of the oceans, its variability, and how it in turn influences the marine food 
chain, and global C02 and biogeochemical cycles. Specific objectives are focused on 
improving the capability to determine phytoplankton abundance and primary productivity 
based on complementary satellite, aircraft, ship, and in situ obervations. The primary 
spaceborne measurements are ocean color from the present NIMBUS-7 Coastal Zone Color 
Scanner (CZCS) and the proposed Ocean Color Imager (OCI) and sea surface temperature 
from the NOAA Advanced Very High Resolution Radiometer (AVHRR). The NASA Ocean 
Productivity program focuses on maximizing the utility of these spaceborne and supporting 
aircraft measurements. Experiments are closely coordinated with Navy, National Science 
Foundation, and Department of Energy supported shipboard and in situ measurement 
programs to provide maximum scientific benefit. 

In the last three years, major advances have been made in techniques used to determine 
chlorophyll pigment concentrations from the CZCS ocean cotor measurements. Among 
these improvements are the refinement of sensor degredation and calibration corrections, 
understanding the effects of enhanced scattering by particulates, and understanding the 
effects of absorbance by dissolved organic material on in-water algorithms. Processing 
capability for CZCS data has increased substantially with improved image processing 
techniques, software,. and additional processing facilities. Procedures are being developed 
for compositing data from numerous satellite passes to produce ocean basin and global 
images. The availability of data is also rapidly improving with the establishment of a dial-up 
catalog and microfilm browse file search capability. Laser disk browse files are being 
developed which will greatly improve this process. 

It is clear we can estimate chlorophyll pigment concentrations from CZCS data. The next step 
is to estimate primary productivity from ocean color and other remotely sensed parameters, 
with a minimum of in situ measurements. Several modeling efforts are underway to address 
this question. 

An empirical model for estimating the vertical profile of ocean productivity from CZCS data 
has been developed using large in situ data sets. Several existing analytic productivity 
models are being investigated to see if they will work with only satellite data as the input. 
Regional scale modeling efforts focus on how to simulate intermittent time series of CZCS 
data in areas such as New Yo& bight where there is frequent cloud cover. These models use 
in situ data from moorings to supplement satellite ocean temperature and color data. The 
models simulate the circulation and productivity between passes and then reset the model 
with each subsequent CZCS pass. Finally, we have initiated the development of basin scale 
models to assess the role of primary productivity in the ocean in the global C02 budget. 
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Satellite ocean color and sea surface temperature distributions are now regularly used to 
guide seagoing oceanographic studies and to help put shipboard measurements in a larger 
oceanographic context. Beyond this, the processing and analysis of time series of 
temperature and pigment concentrations on a regional basis has been initiated. A five-year 
color and temperature time series for the West Coast of the U.S., and a similar time series for 
the entire North Atlantic are underway. The eventual plan is to process all available CZCS 
data to maps of chlorophyll distribution. 

The third and final Sea Surface Temperature Workshop was held in February 1984 at the Jet 
Propulsion Laboratory (JPL). Workshop participants assessed the relative accuracies of 
various techniques used to derive mean sea surface temperatures and identified some 
systematic inconsistencies between observations. Reports from these workshops are 
summarized in a set of papers in the Journal of Geophysical Research, as listed on p. 1-2. A 
follow-on International Sea Surface Temperature workshop was held in May 1985 in 
conjunction with the Spring American Geophysical Union meeting in Baltimore, Maryland. 
Results from that workshop should be available by summer 1986. 

The development of airborne techniques to aid in oceanographic process studies, satellite 
ocean color algorithm development, and satellite data validation continues at the Wallops 
Flight Facility. The Wallops P-3 is equipped with an Airborne Oceanographic Lidar (AOL) 
which measures passive spectral radiance and laser-stimulated fluorescence emission 
spectra. This unique instrument is supported by a PRT-5 for surface temperature 
measurements, AXBT for temperature profiles, and ship to aircraft communication and data 
telemetry. The AOL is an expensive one-of-a-kind system. To make ocean color 
measurements more generally available, we have refurbished the Multichannel Ocean Color 
Scanner (MOCS) with a new state-of-the-art data system and it is available to fly on a variety of 
aircraft in support of oceanographic studies. Also, in a joint effort with NOAA, we are 
developing an inexpensive, reliable Oceanographic Data Acquisition System (ODAS) to 
make aircraft color and temperature data widely available to the oceanographic community. 

POLAR OCEANS PROGRAM 

The goals of this program are to use spacebsrne sensors to determine the characteristics of 
the polar sea-ice cover, and to understand how sea ice is influenced by, and in turn 
influences, the atmosphere and ocean. Our immediate objective is to improve our capability 
of measuring from space the extent, type, movement, and surface characteristics of the ice 
cover. This involves detailed analysis of existing data from SEASAT and the NIMBUS series 
of spacecraft, airborne testing of new sensors, and collection and analysis of ground-truth 
data from the ice surface. In addition, we are supporting modelling programs which address 
two distinct problems: improvement in our understanding of remotely-sensed data, and 
large-scale modelling of sea-ice behavior. A major component of the program is to develop 
and assess interpretive algorithms for translating passive microwave data into estimates of 
sea-ice concentration and surface Characteristics. The multi-frequency SMMR on NIMBUS-7, 
and SSMll on upcoming DMSP missions, show greatest promise, and data from these 
sensors will have broad applications in both the scientific and the commercial communities. 
Consequently, our studies are closely coordinated with associated NOAA and ONR research 
and with Canadian investigators. We are also working with Synthetic Aperture Radar (SAR) 
data from SEASAT. These provide excellent high-resolution imagery of sea ice, and our 
next opportunity for acquiring similar data will be from ESA's ERS-1 mission with a planned 
launch in 1990. In addition, we have been investigating research applications of altimeter 
and SAR data over the ice sheets of Greenland and Antarctica. 



The immediate objectives of the polar program are the development of techniques for 
extracting geophysical variables from satellite imagery. To that end, a prime focus of this 
year's activity has been research on algoiihms for calculating sea ice concentration, type and 
velocity from active and passive microwave data. Considerable progress was made in using 
the statistical variation in brightness temperature between first year and multiyear ice to 
calculate ice type concentrations. improved algorithms to correct for the effect of weather on 
the microwave signature have been used to better identify the ice margin. Attempts to 
enhance our understanding of basic scattering processes from sea ice were made by the 
analysis of data collected during in situ and airborne measurements completed during 
MIZEX. In addition, extensive use of a controlled environment facility at the Cold Regions 
Research and Engineering Laboratory was made to examine the radiometric properties of 
new thin ice, desalinated ice and snow-covered ice. These studies have increased our 
confidence in applying microwave techniques to oceanic problems such as polynya 
formation and their contribution to deep-water formation, the role of the marginal ice zone in 
vertical transport processes and the identification of leads and floe structure in support of 
operational programs through the ice pack. 

We are continuing to prepare for the SSMII by transferring the final software packages for the 
NASA Ocean Data System from JPL to the World Data Center-A (WDC-A) at Boulder, 
Colorado. Delays in the launch of SSM/I opened a window for testing the software on 
existing SMMR data. An added benefit of these tests will be to incorporate a complete set of 
SMMR antarctic data into the WDC-A archive by the end of this year. 

The development of a research facility at the University of Alaska at Fairbanks was initiated to 
receive, process, analyze and archive SAR data from spaceborne instruments. Known as 
the Alaskan SAR Facility (ASF), the ASF will be capable of acquiring data from ESA's ERS-1 , 
Japan's ERS-1 , and Canada's RADARSAT. To that end, an agreement between NASA and 
ESA to provide for acquisition of ERS-1 data was signed in January, 1986; negotiations 
between NASA and the Canadian and Japanese governments are underway. The 
development of a key element of the facility, the SAR processor, has been undertaken by 
JPL. The processor wilt be a flexible, robust system operating at a one-tenth real time 
throughput rate. Speed is achieved by relying on custom hardware developed for the JPL 
Advanced Digital SAR Processor, while flexibility is maintained through the use of 
off-the-shelf computing and array processing hardware. NASA is preparing to issue a "Dear 
Colleague" letter that describes research opportunities for utilizing the ASF and invites the 
submission of research proposals in response to same. Successful respondents will 
constitute a science team who, along with their roles as research investigators, will also be 
responsible for guiding the development of the ASF, particularly the archival systems and 
the analysis function for extracting geophysical variables from SAR images. 

Several groups are in the process of preparing responses to the ESA Announcement of 
Oppoitunity for acquiring ERS-1 data. The Programme for International Polar Oceans 
Research (PIPOR) published a description of its interest in SAR data over the Arctic Ocean 
and surrounding seas, and PIPOR as well as groups interested in polar glaciology and 
geology are actively drafting proposals to utilize SARI radar altimeter and passive microwave 
radiometer data. 

The Satellite Remote Sensing for Ice Sheet Research Working Group published its report in 
November 1985. The report details several new applications of satellite technology for 
studying the extent, topography and variability of the polar ice sheets. Satellite altimetry was 
recognized as a principal technique for ice sheet investigations and we are happy to 
announce that the Navy has agreed to release GEOSAT data collected over ice sheets. This 
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is an important data set that will serve as a bench mark for future altimetry missions such as 
ESA's ERS-1 and Japan's ERS-1. 

Communications between surface field parties and ships at high latitudes to the rest of the 
world are limited by propagation disruptions and inaccessibility to most geosynchronous 
communications satellites. This year a plan was put forth to place radio transponders on polar 
orbiting satellites, the concept being to improve and complement existing communications 
channels by using the transponders as high data rate, high quality links. We are presently 
forming a science working group to determine the requirements of the user community and 
to assess the practicality of meeting their needs with a transponder system. 

In the coming year, we look to several developments designed to ensure the continued 
acquisition and distribution of satellite data over the polar regions, the analysis of those data 
to geaphysical variables and the application of that analysis to ocean and ice problems. In 
particular, the expected launch date of the SSMA is mid-FY 87 and we are beginning to 
prepare a comprehensive validation plan for that project. A joint German/U.S. expedition to 
the Weddell Sea is scheduled that will provide a unique opportunity for collecting in situ 
observations of surface brightness temperature, dielectric properties and morphology of sea 
ice in the southern ocean. Most importantly, we look to continued progress in developing 
the Alaskan SAR Facility and anticipate increasing involvement of the scientific community for 
guiding its evolution. 

QCEANIC FLIGHT PROJEC TS 

The objective of the Oceanic Flight Projects effort is to develop and implement major flight 
experiments and supporting instruments that meet the observational requirements of the 
Oceanic Processes Program. Currently, our major flight projects include the NASA 
Scatterometer (NSCAT) for flight in 1990 on the U.S. Navy Remote Ocean Sensing System 
(N-ROSS) and the Ocean Topography Experiment (TOPEXIPOSEIDON), planned for flight 
in 1991. NSCAT, approved in FY 85, will provide accurate wind field measurements over the 
global oceans for three years while TOPEWPOSEIDON, a collaborative effort with the French 
Space Agency (CNES), being proposed as a new start for FY 87, will provide accurate 
surface topography measurements of the global oceans, also for three years. From a 
knowledge of the surface topography, it is possible to estimate ocean currents. With surface 
winds being a primary driving force for ocean currents, it will be possible to investigate wind 
forcing and the response of ocean currents. Together, NSCAT and TOPEXIPOSEIDON will 
allow us to better understand how the atmosphere drives the circulation of the oceans, how 
the oceans in turn influence the atmosphere, and ultimately, the role of the oceans in 
climate. 

9CEAN TOPOGRAPHY EXPERIMENT (TOPEX) 

For the first time since inception of TOPEX definition studies in 1980, TOPEX was included 
in the President's budget submission to the Congress. It was proposed as a candidate new 
start for FY 87 to be conducted as a collaborative effort (TOPEWPOSEIDON) with the French 
Space Agency (CNES). Obviously, we are extremely pleased with the progress made with 
TOPEWPOSEIDON during FY 85, and we are hopeful that the Congress will approve the 
program as proposed thus permitting full-scale development of TOPEWPOSEIDON to be 
initiated this fall. 

More specifically, during FY 85 the Phase B Satellite Definition studies with Fairchild, RCA, 
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and Rockwell were completed; the Geopotential Model Development effort being 
conducted as a collaborative effort between GSFC and the University of Texas was 
continued; the final report for the joint Phase B Study with CNES confirming the technical 
feasibility and scientific benefits of the proposed collaborative TOPEWPOSEIDON mission 
was published; the fabrication phase of the Altimeter Technology Model development effort 
was completed; a successful Cost Update Review and a successful New Start Presentation 
to the Administrator were conducted, both in support of consideration of TOPEX as an FY 87 
candidate new start; and a Project Initiation Agreement (PIA) was prepared. All-in-all, it was a 
good year. 

For FY 86, R appears that the key activities will be the continuation of joint studies with CNES; 
the selection of a single satellite contractor for the implementation phase; the release of an 
Announcement of Opportunity for selecting research investigations in support of achieving 
the scientific objectives of TOPEWPOSEIDON; the completion of Altimeter Technology 
Model performance testing; the continuation of Precision Orbit Determination and 
Geopotential Model Development work; the preparation of an RFP for a precision GPS 
receiver in support of the GPS Demonstration activity; and preparation of a Project Plan. In 
general, all of this work will be focused on preparing for a possible FY 87 new start. If FY 87 
new start approval is obtained, TOPEWPOSEIDON could be launched in mid-1991, thus 
providing good overlap with NASA's Scatterometer (NSCAT; see below) planned for launch 
on N-ROSS in September 1990. Such a schedule would, for the first time, permit extended 
intercomparisons of the ocean's response (topography, as measured by TOPEX) to its 
fundamental driving force (winds, as measured by NSCAT). 

NASA SCATTEROMETER fNSCAn 

FY 85 was a difficult first year for the NSCAT project, partly due to the announcement by 
Navy, mid-way through the Fiscal Year, that the N-ROSS launch date was being slipped some 
fifteen months, to September 1990, and due also to the fact that Navy has not yet contracted 
for the N-ROSS satellite development, thus forcing the NSCAT Project to make assumptions 
about the interface with the satellite in order to proceed with the development of the 
Scatterometer instrument. These problems, while outside NASA's control, led the Congress 
to "cap" NSCAT at $14M for FY 86, a reduction of $17.7M from our original request. The 
associated replanning efforts have resulted in our making significant adjustments to the 
Scatterometer instrument sub-system procurement approach, as well as stretching out the 
instrument development schedule by some six months and deferring full scale initiation of 
the data system development effort. Nonetheless, significant progress was made in FY 85 
with contracts being awarded to Hughes for the TWTs and to Harris for the antennas. The 
first of three computers (a VAX 11/785) comprising the data system was delivered and is 
currently in active use. An Announcement of Opportunity to select a Science Definition 
Team was issued, leading to selection of fourteen Principal Investigators in mid-FY 86, who 
will, in addition to conducting specific research investigations with the data, advise the 
Project on implementation matters crucial to the scientific success of NSCAT. In early FY 86, 
a Project Requirements Review, as well as a Preliminary Design Review for both the 
instrument and data system were held. 

For the balance of FY 86, the emphasis will be on continuing the development of both the 
instrument and the ground data system, as well as beginning the process of refining the 
science plans for NSCAT, based on the investigations actually selected for further definition. 
A contractor for the TWT High Voltage Power Supply will be selected and an RFP for the 
balance of the Radio Frequency Subsystem (RFS) will be released. Planning for a Project 
Confirmation Review will be initiated, in conjunction with the finalization of the Project Plan. 
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Support will be provided, as needed, to Navy, for their satellite contractor selection process. 
Generally speaking, all these activities will be directed at supporting the Navy's planned 
September 1990 launch date for N-ROSS. 

Given the launch delay and funding limitations, NSCAT is off bo a good start. The solid 
response from the community to the NSCAT Announcement of Opportunity was very 
encouraging. We are looking forward to an equally productive FY 86. 

OCEAN COLOR IMAGER IOC I) 

An Ocean Color Imager (OCI) is one of the three instruments identified by the Joint 
Oceanographic Institutions Inc. as essential for the major oceanographic studies planned 
over the next decade. In particular, the Global Ocean Flux Study (GOFS) outlined at a recent 
National Academy of Sciences Workshop requires an OCI. 

The OCI also has many commerical applications for fisheries, offshore oil drilling and 
shipping. NASA is supporting NOAA in its effort to work with industry to build and fly a 
commercial OCI. NASA's role would be to develop a global data processing system and 
archive in support of GOFS and other science programs. 

ALASKAN SAR FAClLlN (ASF1 

Three SAR-equipped satellites are planned for launch in the early 1990's. These are the 
European Space Agency's First Remote Sensing Satellite (ERS-1 ), Japan's Earth 
Resources Satellite (ERS-l), and Canada's RADARSAT. There is no provision for recording 
SAR data aboard ESA's ERS-1. Thus, as data are received by the satellite, they must be 
transmitted in real-time to ground receiving stations within view of the satellite. 

In anticipation of needs on the part of the U.S. research community, N A S A 4  concert with 
NOAA and NSF--has considered various, general locations for a research facility, whose 
functions would be to receive SAR data, to process these data into images, to derive 
geophysical products from these images, to manage an archive for appropriate products and 
to serve as the focal point for a program utilizing SAR for both basic and applications 
research. From the collective agency perspective, research in the Arctic appears to offer the 
greatest potential benefit through the utilization of such SAR technology. 

Several factors were considered in selecting a site for the facility. The consensus opinion of 
the agencies was that the facility should be placed in the hands of an organization primarily 
interested in the application of SAR technology to solving basic and applied research 
problems in the Arctic. Combining this requirement with the need to maximize reach over the 
arctic ocean, a site on the West Ridge of the University of Alaska-Fairbanks campus was 
considered an optimal site. 

Funds to begin design and implementation of the facility have been authorized in the FY 86 
budget and continue through FY 89. The highlight of the facility will be a new SAR processor 
currently under development at JPL. The processor will be capable of handling data from all 
three satellites, processing the raw data into images in about l/lOth real time. The entire 
faciliiy is planned to be operational by January 1990, coincident with the launch of ESA's 
ERS-1. 



PILOT OCEAN DATA SYSTEM (PODQ 

The necessity of adequate and appropriate data archival and management systems to 
assimilate data from past, present, and proposed satellite sensors has become more 
pressing as we see our proposals for New Starts approved. The Pilot Ocean Data System at 
JPL, funded in conjunction with NASA's Information Systems Office (Code El), continues to 
prepare for a transition from its present role as a developer of satellite ocean data systems 
technology to an ocean science support facility. This mission transition also entails a funding 
transition from Codes El to EEC (the Oceanic Processes Program). 'The goal is the 
development of a distributed NASA Ocean Data System (NODS). PODS is envisioned as 
the prototype data archive and will become the JPL node of the NODS distributed system. 

PODS has supported the Sea Surface Temperature Workshops with preparation of 
comparative data sets and analyses from Nimbus-7 SMMR, NOAA AVHRR 8, HIRS/MSU, and 
GOES VAS. An ocean colorhemperature analysis capability has been developed, utilizing 
the University of Miami Display System Programs. The first year (1979) of the West Coast 
Color Temperature Time Series has been processed by Mark Abbott and Phil Zion using this 
software with support from the PODS staff and facilities. Development of plans to procass 
DMSP SSM/I data for archival and research purposes is being developed in collaboration with 
N O M S  World Data Center-A in Boulder, CO. Work continues on improvement of data links 
connecting PODS to outside users. A prototype network should be completed in 1986. 

Plans to develop a processing and archival system for SSM/I are being completed and results 
from the Third Sea Surface Temperature Workshop have been published. Development of 
remote work stations linked to PODS for working with large archived data sets efficiently will 
continue. Optical digital disk storage techniques are being implemented on an exploratory 
basis. These systems are expected to be a key part of future archive systems designed to 
handle the huge amount of satellite data anticipated in the 1990's. 

As noted below under National and International Coordination, NASA--in concert with NSF, 
NOAA, and Navy--has established the Satellite Ocean Data System Science Working Group 
(SODSSWG). One of the objectives of this group is to advise on how best NASA, working 
through PODS/NODS, can best expedite the utilization of satellite data by the 
oceanographic community. 

NATIONAL AND INTERNATIONAL COO RDlNATlON 

In the area of interagency coordination, aspects of the Oceanic Processes Program have 
been addressed during this past year by numerous groups within the National Academy of 
Sciences (NAS). Most notably, we at NASA participated in the interagency oceanography 
reviews recently conducted by the Ocean Studies Board (OSB). 

We are also participating in the preparation of a long-range plan for Federal ocean research, 
an endeavor suggested at a meeting of the Ocean Principals Group, OPG (the group of 
heads of agencies which have involvement in oceanography, including representatives of 
NASA, Defense, State, and Interior). OPG sponsorship for preparing the draft plan offers the 
flexibility and the informality that is essential to developing a truly comprehensive and 
cohesive plan. The NSF has agreed to take the lead in working with other Federal agencies 
to prepare this plan. Following policy-level approval of the long-range plan, the NSF will 
arrange for its publication and distribution, in consultation with other interested agencies and 
the NAS/OSB. A review and updating of the plan, convening annually, will be presented to 
the Ocean Principals Group for their review each year. 
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We have also been working with the Joint Oceanographic Institutions Inc. (JOI) completing 
an overall strategy for the decade in order to meet the needs for spaceborne ocean 
observations. JOI, a non-profit consortium representing the ten academic oceanographic 
institutions which operate deep-sea-going ships, operates the Deep Sea Drilling Program 
under contract to the National Science Foundation. The second part of the two-part report, 
"Oceanography from Space, A Research Strategy for the Decade 1985-1995," has been 
published. Under the aegis of NASA sponsorship, the JOI Satellite Ocean Data System 
Science Working Group (SODSSWG) was established in 1985, includirlg agency liaison 
representatives, with an overall objective to provide guidance and advice on how best the 
satellite and associated in situ data needs of research oceanographers and allied earth 
scientists can be met. (See page 11-25 for SODSSWG specific terms of reference.) In pursuit 
of the committee's objectives, the SODSSWG has convened two meetings since November, 
1985 and formed four panels for consideration of the following topics at issue: NODS, 
Networking, Archiving, and Non-NASA Flight Projects. 

In the area of international coordination, we continue to work with both the Joint Scientific 
Committee (JSC) and the Committee for Climate Change and the Oceans (CCCO), the work 
being focused on the determination of the role of the ocean in climate as part of the World 
Climate Research Program (WCRP). Organizationally, JSC falls under the World 
Meteorological Organization (WMO) and the International Council of Scientific Unions (ICSU), 
while CCCO falls under the Intergovernmental Oceanographic Commission (IOC) and the 
Scientific Committee on Oceanic Research (SCOR) of ICSU. Principal components of the 
WCRP upon which we have centered our attention are the World Ocean Circulation 
Experiment (WOCE) and the Tropical OceatVGlobal Atmosphere program (TOGA). Our 
potential contribution to WOCE and TOGA would involve the utilization of satellite 
techniques (such as altimetry and scatterometry, discussed in Section II) to assist in a 
determination of the general circulation of the oceans, its effect on the redistribution of 
global heat, and the resulting influence on atmospheric climate. In addition, we are exploring 
potential contributions which satellite techniques might make to the Global Ocean Flux Study 
(GOFS) and the Program for International Polar Ocean Research (PIPOR). For GOFS, the 
use of an Ocean Color Imager (OCI) could assist in improving our estimation of global primary 
productivity. For PIPOR, the use of microwave radiometry and synthetic aperture radar could 
assist in improving our understanding of polar ice cover and its growth and movement. 

Table 2 (see page 1-13) outlines national and international ocean-related spacecraft activities 
for the next decade, which are at various levels of planning and development. (In addition to 
the acronyms and definitions accompanying Table 2, we have included a brief paragraph 
describing each of the spacecraft listed and commenting on their present status.) We are 
exploring potential areas of mutual interest with sponsors of these spacecraft, being 
particularly interested in determining the extent to which we might pursue cooperative work 
and provide mutual access to appropriate spaceborne data. We would like to note that we 
have recently concluded an agreement with the European Space Agency (ESA) including 
direct access to ERS-1 SAR data by the Alaskan SAR Facility, located at the University of 
Alaska at Fairbanks. Briefly, the agreement provides a basis for direct readout of SAR data 
within coverage of the ASF, as well as the exchange of data sets such as from the NASA 
Scatterometer aboard N-ROSS, the ESA Scatterometer aboard ERS-1 , and NASA's Shuttle 
Imaging Radar. 
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TABLE 1 

RECENT NASA SCIENCE WORKING GROUPS 

SCIENCE WORKING GROUP 

Satellite Ocean Data System 
Science Working Group 

Ice Sheet Science Working Group 

Ocean Surface Energy Fluxes 
Science Working Group 

West Coast Chlorophyll 
Temperature Time Series 
Science Working Group 

SSM/I Sea Ice Research 
Science Working Group 

In-Situ Science Working Group 

ERS-WAR Sea Ice Study Team 

Satellite Ocean Color Science 
Working Group 

Satellite Surface Stress Team 
(S-Cubed) 

Topex Science Working Group 

CHAIRMAN 

0. James Baker, JOI 

Robert Thomas, RAE 

Peter Niiler, Si0 

Mark Abbott, SIONPL 

Norbert Untersteiner, 
Univ. of Washington 

Russ Davis, SI0 

Gunter Weller, 
Univ. of Alaska 

John Walsh, 
BNVSton ybrook 

James F. OBrien, FSU 

Carl Wunsch, MIT 
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TABLE 2 

OCEAN RELATED SPACECRAFT: NEXT DECADE 

SATE LLlTE SPONSOR OCEAN-RELATED LAUNCH STATUS 
SENSORS/COMMENTS 

GEOSAT 

DMSP 

USN 

USAF 
NASA 

ALT Mar. 1985 Operational 

MR Jan. 1987 Approved 
MR Data Receiving/ Approved 
Processing Facility 

MOS-1 JAPAN CS, IR, MR Jan. 1987 Approved 

ERS-1 ESA ALT, SAR, SCAT, IR Dec. 1989 Approved 
NASA Alaskan SAR Facility Approved 

N-ROSS USN ALT, MR Sept. 1990 Approved 
NASA Contribute SCAT Approved 

NOAA K, L, M NOAA AVHRR 
NOANNASA OCI 

1990 Approved 
Proposed 

ERS-1 JAPAN SAR 1991 Approved 
NASA Utilize Alaskan SAR Facility Proposed 

TOPEWPOSEIDON NASAlCNES ALT 1991 Proposed 

RADARSAT CANADA SAR 1992 Proposed 
NASA Contr. Launch, Develop SCAT Proposed 
NOAA Contribute SCAT Proposed 
UK Contribute BUS Proposed 

GRM NASA Satellite-to-Satellite Tracking 1992 Proposed 
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GEOSAT This is a U.S. Navy sponsored mission to provide the Defense Mapping 
Agency with a larger quantity of altimeter data of Seasat quality. The 
primary, eighteen month mission to map the marine geoid should be 
completed in late summer or early fall 1986. Following this, there will be 
an eighteen month oceanographic mission (known as the Exact Repeat 
Mission) having a 20 day repeat cycle and a 150 km equatorial track 
spacing. In general, the mean sea surface data from the initial 
eighteen-month geodetic mission will be classified, with the residuals 
from this surface being unclassified. Although not yet formally 
promulgated, data from the second eighteen-month mission are planned 
to be unclassified. 

DMSP This is a series of US. Air Force operational meteorological satellites in 
sun-synchronous orbits. For those satellites planned for launch between 
1986 and 1991, there will be a microwave radiometer (the Special Sensor 
Microwave Imager, or SSM/I) aboard having four frequencies over the 
range from 19 to 85 GHz. As SSMA data are useful in characterizing sea 
ice, snow cover, surface winds, and atmospheric water, NASA plans to 
acquire these data for research purposes. 

MOS-1 The purpose of this mission is to establish Japanese technology for Earth 
observations and to carry out practical obsetvations of the Earth, primarily 
focused on the oceans. MOS-1 is all passive, has a two-year design life, 
and will be in a sun-synchronous orbit. 

ESA's ERS-1 The European Space Agency's First Remote Sensing Satellite is a marine 
science and applications mission whose purpose is to establish, develop 
and exploit ocean and ice applications of remote sensing data. On board 
the spacecraft, planned for sun-synchronous orbit, will be a C-band SAR 
(for obtaining high resolution maps and, in a low power mode, for use as a 
wave scatterometer), a radar altimeter and an along-track scanning 
radiometer. The satellite is planned for launch in December 1989. 
Acquisition and exchange of ERS-1 data between ESA and NASA is the 
subject of a Memorandum of Understanding (MOU) signed in January 
1986. 

N-ROSS This is a U.S. Navy mission with NASA, Air Force and NOAA participation. 
The NASA (provision of a scatterometer) and Navy components were 
approved in the N 85 budget. This mission is viewed as an applications 
demonstration of how well spaceborne ocean obsewations can meet 
operational Navy needs. The spacecraft will be in a sun-synchronous 
orbit, have a three-year design Me, and may be operated as an element of 
the overall DMSP program. in addition to the SSMA for estimating sea ice 
coverage, etc., it will carry a lower-frequency microwave radiometer for 
estimating sea surface temperature and an altimeter for mesoscale 
feature detection and monitoring. Data from the NASA scatterometer will 
be used to complement TOPEX data in addressing the general circulation 
of the oceans. 
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The Ocean Color Imager (OCI) is an improved version of the Coastal Zone 
Color Scanner presently deployed aboard NIMBUS-7. It is currently being 
considered by NOAA as a candidate for development by the commercial 
sector. An opportunity for the flight of an OCI is aboard one of the NOAA 
series of polar-orbiting, operational meteorological satellites. 

Jaoan's ERS-1 This is a Japanese spacecraft with the same acronym as'ESA's ERS-1. Its 
objective is to establish SAR technology for Earth observations and to 
carry out observations of the Earth, primarily focused on terrestrial 
applications. It will be in a sun-synchronous orbit and will have an L-band 
SAR with a two-year design life. Preliminary design and definition studies 
are underway. Discussions with the Japanese government regarding the 
possibility of direct read-out of SAR data from this satellite at NASA's 
Alaskan SAR Facility have been initiated. 

TOPEWPOSEIDON This is a dedicated altimeter mission whose data--when combined with 
data from NASA's Scatterometer on N-ROSS--will be utilized to advance 
our understanding of the general circulation of the oceans. 
TOPENPOSEIDON is a joint mission between NASA and CNES. Joint 
implementation studies have been completed whereby NASA will 
provide the satellite and TOPEX sensors and CNES will provide an Ariane 
launch and the POSEIDON sensors. The orbital characteristics are: 
inclination of 63 degrees, altitude of 1300 km, equatorial track spacing of 
300 km, and track repeat of 10 days. Primary tracking will be provided by 
DMA's Tranet system. Satellite design studies have been completed, 
and according to present schedules, TOPEX could be launched in time 
to provide a significant overlap with the N-ROSS mission. 

PADARSAT This is a mission employing a C-Band SAR to monitor sea ice 
characteristics in the Arctic Ocean and marginal seas. Measurements 
would be used to support shipping and petroleum exploration operations 
principally in the Beaufort and Labrador Seas by providing forecasts of 
sea ice conditions. Although the Canadian government has approved 
funding to support design studies both for RADARSAT and its ground 
segment (which will also be used with ESA's ERS-l), current efforts are 
underway to explore prospects for reducing cost, whether via greater 
commercial and/or international participation or through a descoping of 
the mission. 

This is a mission designed to improve our understanding of the Earth's 
gravity and magnetic fields; il is planned to extend our knowledge of 
these fields down to horizontal scales on the order of 100 km. GRM is 
planned as a two-satellite system flying at a 160 km altitude. 
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ACRONYMS 

ALT 

ASF 

CNES 

cs 

DMSP 

ERS-1 

ESA 

GEOSAT 

GRM 

IR 

MOS-1 

MR 

N-ROSS 

NSCAT 

SAR 

SCAT 

SEASAT 

SSMA 

TOPEX 

Altimeter 

Alaskan SAR Facility 

France's National Center for Space Studies 

Color Scanner 

Defense Meteorological Satellite Program 

ESA's First Remote Sensing Satellite #1 and 
Japan's Earth Resources Satellite #1 

European Space Agency 

Geodetic Satellite 

Geopotential Research FJlission 

infrared Radiometer 

Marine Observational Satellite #1 

Mircrowave Radiometer 

U. S. Navy Remote Ocean Sensing System 

NASA Scat tero me t e r 

Synthetic Aperture Radar 

Scatterometer 

Sea Satellite 

Special Sensor Microwave Imager 

Ocean Topography Experiment 
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SPACEBO RNE OCEA N-SENSING TECHNIQUES 

Altimeter - 

Color Scanner - 

Infrared Radiometer - 

a pencil beam microwave radar that measures the distance 
between the spacecraft and the Earth. Measurements yield 
the topography and roughness of the sea surface from which 
the surface current and average wave height can be 
est imated. 

a radiometer that measures the intensity of radiation reflected 
from within the sea in the visible and near-infrared bands in a 
broad swath beneath the spacecraft. Measurements yield 
ocean color, from which chlorophyll pigment concentration, 
and diffuse attenuation coefficient, and other bio-optical 
properties can be estimated. 

a radiometer that measures the intensity of radiation emitted 
from the sea in the infrared band in a broad swath beneath 
the spacecraft. Meaurements yield estimates of sea surface 
temperature. 

Microwave Radiometer - a radiometer that measures the intensity of radiation emitted 
from the sea surface in the microwave band in a broad swath 
beneath the spacecraft. Measurements yield microwave 
brightness temperatures, from which wind speed, water 
vapor, rain rate, sea surface temperature, and ice cover can 
be estimated. 

Scatterometer - a microwave radar that measures the roughness of the sea 
surface in a broad swath on either side of the spacecraft with 
a spatial resolution of 50 kilometers. Measurements yield the 
amplitude of short surface waves that are approximately in 
equilibrium with the local wind and from which the surface 
wind velocity can be estimated. 

Synthetic Aperture Radar - a microwave imaging radar that electronically synthesizes the 
equivalent of an antenna large enough to achieve a spatial 
resolution of 25 meters. Measurements yield information on 
features (swell, internal waves, rain, current boundaries, and 
so on) that modulate the amplitude of the short surface 
waves; they also yield information on the position and 
character of sea ice from which, with successive views, the 
velocity of sea ice floes can be estimated. 
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SECTION II - PROJECT AND STUDY SUMMARIES 

PROJECT/STUDY NAME AUTHOR PAGE 

Aooroved Fliaht Proiects a nd Related Activities 

NIMBUS-7 Edward J. Hurley, GSFC , 11-3 

* TI ROS-N/NOAA Joel Susskind, GSFC 11-6 

NASA Scatterometer (NSCAT) Michael H. Freilich, JPL 11-8 
Benn D. Martin, JPL 

SSM/I Sea Ice Archive Roger Barry, CIRES, U. of Colo. I I - 10 

* Alaskan SAR Facility (ASF) Frank D. Carsey, JPL 11-12 
Young H. Park, JPL 

NASA Ocean Data System (NODS) J. Charles Klose, JPL 11-14 
V. Zlotnicki, JPL 

Processing and Archival of Data J. Charles, Klose, JPL 11-16 
from the DMSP SSM/I Charles Morris, JPL 

* GEOSAT Ernest T. Young, JOI 11-18 

0 N-ROSS Ernest T. Young, JOI 11-19 

11-20 ESA'SERS-1 Guy Duchossois, ESA 

MOS-1 

Japan's ERS-1 

Yoshihiro Ishizawa, NASDA 11-22 

Yasushi Horikawa, NASDA 11-24 

Reauirements Stud ies Related to Future Fliaht Proiect Activities 

Satellite Ocean Data System H. Frank Eden, JOI 11-25 
Science Working Group (SODSSWG) 

Ice Sheet Altimetry Robert H. Thomas, RAE 11-27 

0 SAR Mapping of Antarctica Kenneth C. Jezek, NASA HQ 11-28 

MODIS Instrument Requirements Wayne E. Esaias, GSFC 11-30 



PROJECT/STUDY NAME AUTHOR 

Pefinition Studies for Potential Future Fliaht Proiem 

9 Ocean Topography Experiment Charles A. Yamarone, JPL 
Robert H. Stewart, JPL ’ 

Ocean Color Instrument (OCl) Robert G. Kirk, GSFC 

a Earth Observing System (EOS) Richard E. Hartle, GSFC 

(TOPEX) 
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NIMBUS-7 OBSERVATORY 

Dr. Edward J. Hurley, Nimbus Manager, GSFC, 
Code 636, Greenbelt, MD 20771, 301-344-9414 

The Nimbus-7 S a t e l l i t e ,  i n  opera t ion  s ince  1978 i s  c u r r e n t l y  t h e  
most s i g n i f i c a n t  source o f  experimental da ta  f rom Ear th  o r b i t  
r e l a t i n g  t o  atmospheric and oceanic processes. Two o f  i t s  e i g h t  
experiments are p r i m a r i l y  invo lved i n  observat ions o f  t h e  
oceans. The Coastal Zone Col o r  Scanner (CZCS) i nstrument , which 
has experienced an i nc reas ing  frequency o f  s ta r t -up  f a i l u r e s  
du r ing  t h e  l a s t  year, i s  s t i l l  c o l l e c t i n g  observat ions o f  ocean 
c o l o r  parameters. Due t o  t h e  inc reas ing  s ta r t -up  problems, t h e  
CZCS i s  not  expected t o  operate beyond 1986. The Scanning 
Mu1 t i  channel M i  crowave Radiometer (SMMK) , operat i ng w i thout  t h e  21 
GHz channel which was turned o f f  permanently i n  March 1985 due t o  
spacecraf t  power l i m i t a t i o n s ,  i s  s t i l l  r e t u r n i n g  data on sea 
sur face temperature, sea sur face wind, t o t a l  column water vapor, 
and sea ice.  The development o f  data sets  from these experiments 
i s  discussed be l  ow. 

COASTAL ZONE COLOR SCANNER (CZCS) 
E. F. Szajna, GSFC, Code 636, 301-344-9427 

Seven and one-hal f  years o f  observat ions from t h e  Nimbus-7 Coastal 
Zone Color  Scanner (CZCS) have been co l l ec ted ,  b u t  on ly  a small 
p o r t i o n  have been analyzed t o  produce ch lo rophy l l  concentrat ion,  
sur face temperature ( f i r s t  year  on l y ) ,  d i f f u s e  a t tenua t ion  
c o e f f i c i e n t ,  and water radiances f o r  se lec ted  regions o f  t h e  
wor ld '  s oceans and waterways. Observations have been c o l l  ected 
s ince launch sub jec t  t o  the  cons t ra in t s  o f  a v a i l a b l e  spacecraf t  
power and experimenter requests f o r  coverage. 
requests f o r  coverage have been i n  a l i m i t e d  number o f  coasta l  
areas, however, and i t  i s  i n  these areas where most CZCS 
observat ions have been made and the  data processed. Some open 
ocean data have a l so  been co l lec ted ,  al though because o f  a l ack  o f  
requests, much o f  t h i s  data has not  been completely reduced. Most 
o f  t h e  processed and arch ived data f rom t h e  CZCS cons is t s  o f  
p a r t i a l l y  c a l i b r a t e d  radiances ( l e v e l  1). Today, d e r i v a t i o n  o f  
l e v e l  2 and l e v e l  3 parameters i s  most ly  done by i n d i v i d u a l  
s c i e n t i f i c  users o f  t h e  data. 

Most o f  t h e  
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Nimbus P r o j e c t  personnel, working w i t h  GSFC ocean s c i e n t i s t s ,  have 
de f ined a new open ocean ch lo rophy l l  product which w i l l  be much 
more w ide ly  useful  t o  t h e  ocean science community. The Nimbus 
P r o j e c t  i s  developing a processing system w i t h  t h e  capac i ty  and 
e f f i c i e n c y  t o  process t h e  l a r g e  q u a n t i t i e s  o f  CZCS observat ions 
t h a t  w i l l  be requ i red  t o  produce a g lobal  sca le data set ,  w h i l e  
possessing t h e  image processing c a p a b i l i t y  t o  a l l o w  s c i e n t i f i c  
ana lys ts  t o  v a l i d a t e  t h e  data by app ly ing  c a l i b r a t i o n  and 
atmospheric cor rec t ions ,  and comparing r e s u l t s  w i t h  i n  s i t u  
observat i ons. 

The sof tware p o r t i o n  o f  t h i s  system has been i n s t a l l e d  and t e s t e d  
on a GSFC VAX 11-780 computer system. P i l o t  p roduc t ion  has begun 
us ing  the  e x i s t i n g  image processing system. 
hardware components (summer 1986), i n c l u d i n g  a soph is t i ca ted  image 
process ing work s t a t i o n ,  wil l  complete system development. 

Del i very o f  several  

SCANNING MULTICHANNEL MICROWAVE RADIOMETER (SMMR) 
Dr.Pau1 H. Hwang, GSFC, Code 636, 301-344-9848 

The o r i g i n a l  pr imary ob jec t i ves  o f  t h e  Scanning Mu1 t i channe l  
Microwave Radiometer (SMMR) are t o  ob ta in  sea sur face temperature 
and near-surface wind speed, two very impor tant  parameters 
requ i  red by oceanographers f o r  devel op ing and t e s t i n g  g loba l  ocean 
c i r c u l a t i o n  models and o ther  aspects o f  ocean dynamics. Other 
geophysical parameters a re  a l so  ex t rac ted  from t h e  SMMR data. 
These inc lude:  sea i c e  parameters and t o t a l  atmospheric water 
vapor over open ocean. 

S i x  years o f  data have been va l i da ted  and arch ived a t  t he  NSSDC. 
The arch ived data are: (a)  TCT: c a l i b r a t e d  br igh tness  temperature 
f o r  each channel i n  i t s  o r i g i n a l  p i x e l  reso lu t ion ,  (b)  TCT 1/Z0 
map: TCT data mapped i n t o  a 1/2O x 1/2O (55 km r e s o l u t i o n )  g r i d  
system, ( c )  TCT 1/4O map: 37 GHz data from TCT, mapped i n t o  a 1/4O 
x 1/4O g r i d  system, (d )  CELL data  tape: c a l i b r a t e d  br igh tness  
temperature da ta  arranged by o r b i t  and binned i n t o  c e l l s  ranging 
i n  s i z e  f rom 30 km x 30 km t o  150 km x 150 km, (e )  PARM tape: 
ex t rac ted  geophysical parameters, i..e., sea sur face temperature, 
sea i ce concent r a t  i on, mu1 t i  -year i c e  f r a c t i o n ,  t o t a l  atmospheric 
water vapor and near sur face wind speed i n  t h e  same format as t h e  
corresponding l e v e l  1 CELL data and ( f )  MAP tape: PARM tape da ta  
mapped i n t o  mercator and po la r  s tereo pro jec t ions .  Beginning w i t h  
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t h e  s i x t h  year o f  data, MAP products are being replaced by a new 
product c a l l e d  PARMAP. Each PARMAP tape conta ins i n d i v i d u a l  
geophysical parameters mapped w i t h  a 1/Z0 x 1/Z0 s p a t i a l  
r e s o l u t i o n  Ear th  g r id .  This change i n  format was adopted t o  
f a c i l i t a t e  s c i e n t i f i c  uses o f  the  data t h a t  i n v o l v e  combining 
and/or comparing SMMR da ta  w i t h  weather s a t e l l i t e  and sur face 
observations. PARMAP w i l l  a l s o  be produced f o r  data years 1 
through 5 and beyond. 
compatible tapes. 
o f  t h e  aforementioned data tapes, th ree  user 's  guides are 
ava i lab le :  
and ( c )  MAP Tape User 's Guide. 
from t h e  NSSDC o r  from t h e  Nimbus-7 P r o j e c t  a t  t h e  GSFC. 

A l l  data are i n  t h e  form o f  computer 
I n  a d d i t i o n  t o  t h e  tape s p e c i f i c a t i o n  f o r  each 

A l l  documentation may be obtained 
(a )  CELL Data User 's Guide, ( b )  PARM Tape User 's Guide 
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TIROS-N/NOAA Series 

Dr. Joel Susskind 
Code 61 1 

NASA Goddard Space Flight Center 
Greenbelt, MD 20771 

(301) 344-7210 or FTS 344-7210 

Proiect Object ives: 

1) To provide spectral radiometric informatior1 for accurate sea and land temperature 
mapping, determination of global atmospheric temperature humidify profiles, day-night 
cloud cover information, and monitoring of total ozone burden and outgoing longwave 
and shortwave radiation. 

2) To provide a remote platform location and data collection capability over the oceans. 

Jnstrumentation: 

Advanced Very High Resolution Radiometer (AVHRR) 
This scanning radiometer (4-channel on NOAA-8 and 5-channel on NOAA-7, NOAA-9) 
provides stored and direct readout of radiometric data. The fifth channel was added to 
NOAA-7 to account for boundary layer water vapor and thereby increase the accuracy of 
sea surface temperature measurement in the tropics. Future satellites will carry the 
5-channel AVHRR. 

TlROS Operation Vertical Sounder (TOVS) 
This sounder consists of three instruments: a High Resolution Infrared Radiation 
Sounder (HIRS/2), a Stratospheric Sounding Unit (SSU), and a Microwave Sounding 
Unit (MSU). These instruments provide better temperature and humidity soundings 
than previous sounders especially in the presence of clouds. In addition, other 
parameters such as sealland surface temperature, sea ice extent, and cloud cover can 
be determined from these sounders. 

ARGOS/Data Collection System (ARGOSIDCS) 
This system, provided by France, is designed to locate, collect and relay data from 
free-floating balloons, buoys, floating ice platforms, remote weather stations, etc. 

Space Environment Monitor (SEM) 
The objectives of the SEM are to determine the energy deposited by solar particles in 
the upper atmosphere and to provide a solar warning system. 

Search and Rescue (SAR) 
SAR was launched on NOAA-8 and is also on NOAA-9 and all future satellites. Its 
purpose is to receive and locate distress signals from ships and planes. 

Solar Backscatter Ultra Violet Spectrometer (SBUV/2). 
This nadir viewing radiometer measures vertical ozone distribution and total ozone. Its 
main purpose is to determine the long term trends in global total ozone burden. 
Soundings are produced only during the day on the afternoon satellites. 
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7) Earth Radiation Budget Experiment (ERBE) 
This is a NASA experiment, flying on NOAA-9 and scheduled to fly on NOAA-G, to 
collect global data on the radiation processes of the Earth’s Surface and Atmosphere. 

Current S t u  

The current system is a two satellite system with a morning satellite in a 0730 LST 
descending orbit and an afternoon satellite in a 1430 LST ascending orbit at the equator. 
Both are in sun synchronous orbits at an average altitude of approximately 830 km with orbital 
periods of 102 minutes. Each satellite provides essentially global coverage twice daily. 
NOAA-9, launched in December 1984, is the current afternoon satellite, replacing NOAA-7 
launched in 1981, and TIROS-N launched in 1979. NOAA-9 contains the 5 channel AVHRR 
and is the first satellite containing SBUV and ERBE. NOAA-8, launched in 1984 to replace 
NOAA-6, launched in 1979, failed shortly after launch. It is scheduled to be replaced by 
NOAA-G in June 1986. NOAA-G will contain the 5 channel AVHRR and ERBE but will not 
contain SBUV2 because it is a morning satellite. 

Data Availabilitv; 

Data from the AVHRR are available in 4 modes: 1) direct readout to APT ground stations, 2) 
direct readout to HRPT ground stations, 3) global onboard recording readout to 
NOAA-NESDIS at Suitiand, MD, and 4) readout of onboard recording selected highest 
resolution (LAC) data. AVHRR and TOVS data are archived at NOAA/SDSD, World Weather 
Building, Camp Springs, MD. The data are available in two forms: level Ib calibrated radiance 
data, and level II retrieval products data, from February 1979 to present. Both tapes and 
picture imagery are available on request. SBUV and ERBE products are not yet available. 
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NASA SCATTEROMETER (NSCAT) 

Michael H. Freilich, NSCAT Project Scientist 
Jet Propulsion Laboratory, Mail Stop 169-236 
telephone: (818) 354-7801 or FTS 792-7801 

and 

Benn D. Martin, NSCAT Project Manager 
Jet Propulsion Laboratory, Mail Stop 264-325 

4800 Oak Grove Drive 
Pasadena, CA 91 109 

telephone: (818) 354-5926 or FTS 792-5926 

The NASA Scatterometer instrument is one of several sensors to be flown on the U.S. 
Navy Remote Ocean Sensing System (N-ROSS) mission. NSCAT will provide frequent 
measurements of oceanic near-surface vector winds (both speed and direction) with high 
spatial resolution and global coverage. The data will be used operationally by the Navy, 
and in NASA-sponsored research studies by the oceanographic and meteorological 
science communities. 

The N-ROSS mission will provide measurements of near-surface winds, ocean 
topography, wave height, sea-surface temperature, and atmosheric water content over the 
global oceans. In addition to NSCAT, N-ROSS will carry a microwave altimeter, a 
four-frequency microwave radiometer (SSM/I), and a low-frequency (5.2 and 10.4 GHz) 
scanning radiometer (LFMR). Present plans are for a late 1990 launch into a 
sun-synchronous orbit at an altitude of 820 km and a 98.7 degree inclination angle. The 
mission is designed for a minimum operational period of three years. Both N-ROSS and 
NASA's contribution, NSCAT, received Congressional approval as new starts in Fiscal Year 
1985. 

The NSCAT instrument is an active microwave radar similar to but significantly improved 
over that flown on SEASAT in 1978. Six fan-beam antennas (two more than SEASAT) will 
allow measurements of radar back-scatter cross-section to be obtained at three azimuth 
angles within two 600 km swaths separated by a sub-satellite gap of 350 km. The inherent 
resoluton of the instrument will be 25 km, using an on-board digital doppler filter; SEASAT 
achieved 50 km with analog doppler filters. The NSCAT system is designed to yield winds 
with an accuracy of 2 m/s (rms) and 20 degrees (rms) over the range 3-30 m/s, and to map 
90% of the global ice-free oceans every two days. 

The NSCAT Project includes a dedicated ground data processing and distribution system. 
The system will process NSCAT raw telemetry, N-ROSS orbit and attitude, and SSM/I data 
types, and produce earth-located, rain-flagged, vector winds and averaged wind field 
maps. The "six-stick" antenna design will enable the data system to select unique wind 
directions using an objective ambiguity-removal algorithm. The NASA science 
investigators will be able to selectively access subsets of several levels of processed data 
by means of an on-line archival and distribution system such as the NASA Ocean Data 
System (NODS). NSCAT data will also be made available to NOaAlNESDlS for broader 
distribution. 

Significant progress was achieved in all aspects of the NSCAT Project during FY 85. The 
instrument and data systems designs were refined and preparations were made for formal 
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Preliminary Design Reviews in early FY 86. Contracts were placed for the instrument 
traveling-wave tubes ( W s )  and antennas, and a VAX 11/785 computer was purchased 
to support systems design analyses and data processing algorithm development efforts. 
As the N-ROSS Project efforts accelerated, key spacecraft and data-flow interfaces with 
the Navy became more active. 

In March the Navy announced that the N-ROSS launch date would be delayed from June 
1989 until September 1990. The NSCAT Project accomplished a ,replanning effort 
designed to minimize the cost increase due to the lengthened schedule. 

An Announcement of Opportunity soliciting proposals for scientific research utilizing the 
NSCAT data was released in January 1985, as was a companion Science Opportunities 
Document (Freilich, 1985). Sixty-five proposals covering a broad range of oceanographic 
and meteorological research topics were received. After completing the review process, 
the following investigators were selected: 

PrinciDal Invest iw 

Dr. Robert Atlas 

I n s t i m  

Goddard Space Flight Center, NASA 

Dr. R. C. Beardsley Woods Hole Oceanographic Institution 

Dr. Robert A. Brown University of Washington 

Dr. Mark A. Cane Lam0 nt- Do he rty Geo Iogkal Observatory , 
Columbia University 

Dr. Dudley B. Chelton Oregon State University 

Dr. Peter Cornillon University of Rhode Island 

Dr. M. Crepon Laboratoire d'oceanographie Physique du 
Museum, France 

Dr, Mark A. Donelan Canada Centre for Inland Waters, Canada 

Dr, Lee-Lueng Fu 

Dr. Ross N. Hoffman 

Dr. William R. Holland 

Dr. W. Timothy Liu 

Dr. James J. OBrien 

Dr. James G. Rihman 

Jet Propulsion Laboratory, NASA 

Atmospheric and Environmental Research, Inc. 

National Center for Atmospheric Research 

Jet Propulsion Laboratory, NASA 

Florida State University 

Oregon State University 
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Cryospheric Data Management System 
f o r  Spec ia l  Sensor Microwave Imager (SSM/I) Data 

Roger G. Barry, Director 
National Snow and Ice Data Center 

CIRES, Campus Box 449 
Universi ty  of Colorado 

Boulder, Colorado 80309-0449 
Telephone (303) 492-5171 

Program Science Objectives:  

I n  1986 t h e  Defense Meteorological S a t e l l i t e  Program w i l l  
launch a polar  o r b i t e r  which w i l l  f o r  t h e  f i r s t  t i m e ,  provide 
near-real  t i m e  microwave da ta  on sea ice, atmospheric moisture and 
p r e c i p i t a t i o n ,  s o i l  moisture,  and ocean parameters from the  Spe- 
c i a l  Sensor Microwave/Imager (SSM/I). This pro jec t  w i l l  e s t a b l i s h  
a long-term, secure archive and d i s t r i b u t i o n  cen te r  f o r  da t a  pro- 
ducts  over t he  polar  oceans derived from t h e  SSM/I. The p r o j e c t  
w i l l  accomplish t h i s  goa l  by implementing a mini-computer based 
da ta  management and r e t r i e v a l  system using t h e  P i l o t  Ocean Data 
Sys t e m  software. 

National Snow and Ice Data Center (NSIDC) w i l l  develop a com- 
puter  based Cryospheric Data Management System (CDMS) t o  e x t r a c t  
the  cryospheric da ta  and make them r e a d i l y  ava i l ab le  t o  the  non- 
opera t iona l  user  community. The proposed management system is  de- 
signed t o  provide a mul t i -d isc ip l inary  research da ta  set compris- 
ing both cryospheric and atmospheric da ta ,  improve the  ease of in- 
formation t r a n s f e r ,  and a n t i c i p a t e  new da ta  needs and require-  
ment s. 

- Extrac t  SSM/I cryospheric  da ta  from the  o r b i t a l  input  da t a  
s tream. - Create mapped da ta  sets. - D i s t r i b u t e  da t a  t o  the  

- Provide an i n t e r a c t i v e  da ta  
- Implement rev ised  microwave 

domestic.) 

Current S ta tus :  

user community ( fore ign  and 

ca ta log .  
algorithms. 

During the  second year of t h i s  t h ree  year pro jec t ,  t he  rou- 
t i n e  operat ion of t he  VAX 11/750 computer was i n i t i a t e d  and 
t r a n s f e r  of t h e  P i l o t  Ocean Data System (PODS) software t o  NSIDC 
s t a r t e d .  I n i t i a l  tests of the  PODS-SSM/I sof tware have been 
s t a r t e d  with good r e s u l t s .  
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The GOLD catalog has also been successfully located on the 
CDMS computer, although further testing and revision of the soft- 
ware is required. 
been installed and completion of the SPAN connection is expected 
in the next two months. 

The telephone line for the SPAN network has 

As so cia t ed Work : 

NSIDC will re-grid SElMR (and possi5ly ESMR) data jnto the 
SSM/I grid format over the next several months. 
tion to provide a long-term passive microwave data set in the 
same grid format. 
the Ocean and Ice Branch at Goddard. 

Data Distribution Plan: 

Tt is our inten- 

This work is being done in collaboration with 

Exact dates for data distribution are indefinite because the 
SSM/I launch date has not yet been precisely determined. 
expected that limited data distribution will commence within 4-8 
months after SSM/I launch, now expected in the last three months 
of 1986. 

It is 
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ALASKAN SAR FACILITY (ASF) 

Dr, F, D. Carsey 
Mail Stop 169-236 and 

Dr. Young H. Park 
Mail Stop 169-236 

Jet Propulsion Laboratory 
4800 Oak Grove Dr. 
Pasadena, CA 91109 

(818) 354-8163; FTS 792-8163 

The Alaskan SAR Facility (ASF) Project has approval to 
place a receiving station and data processing system at 
a suitable site in Alaska in order to receive and pro- 
cess a total of up to 35 minutes per day of SAR data 
from the ERS-1 satellite of the European Space Agency, 
the ERS-1 satellite of the Ministry of International 
Trade and Industry of Japan, and the RADARSAT satellite 
of the Division of Energy, Mines and Resources of Gana- 
da, all of which are scheduled to fly in the early 
1990s. The objective of the program is to support geo- 
physical investigations with the SAR data from these 
satellites. Current planning calls for the station 
site to be on the University of Alaska campus on the 
edge of Fairbanks. The approximate scope of the pro- 
ject is known but the specific requirements are not at 
present fully defined for each element. Substantial 
portions of the project are well defined at this time, 
however, and work will begin on these in the current 
fiscal year. 

The total project is understood to consist of pro- 
ject management, the receiving station itself, a SAR 
processor, a science support system, and a Science Team 
to conduct research with the data. Of these the first 
two elements are fully defined and budgeted, and final 
design work will begin on them in FY 1986. The receiv- 
ing station will receive and record SAR data from the 3 
satellites, the SAR Data Processing System will process 
the signal data into images of 3 basic sorts: a 1-look 
highest resolution complex phase image, a 4-look 30m 
resolution image, and a 64 or 128-look browse image. 
The output of the Data Processing System will go to the 
science support system in tape form. The science sup- 
port system cannot be defined until the Science Team is 
chosen. The process of its selection started in FY 86 
and may be completed by the end of the year. In gen- 
eral terms the science support system will generate 
some or all of the geophysical products of the program 
and will also archive the SAR images and the geophysi- 
cal products of the system in support of the investiga- 
tions of the Science Team. The total project has been 
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divided into a pre-launch and a post-launch component, 
and the task as currently defined and being worked on 
includes only the activity prior to launch; the opera- 
tion of the station, the distribution of data products 
from the station, and the support of science investiga- 
tions -during the flight phase of the program are to be 
defined and appproved later, 

In the period prior to approval a Science Working 
Group published a review of the benefits of an Alaska 
receiving station for SAR data, and concluded that the 
major applications would be in the area of sea ice geo- 
physics with other applications in glaciology, geology, 
vegetation, and oceanography. These findings are in 
Science Pro ram for an Ima in Radar Receivinq Station 
in Alas 6 a G. - e e F - a r s e y ,  B. Holt, D. 
G t h m n d  W. Weeks, JPL 400-207, Jet Propulsion 
Laboratory, Pasadena, CA 91109, 45p, 1983, and in A 
Pro ramme for International Polar Oceans ResearcE 

l T P a r i s ,  42p, 1985. Other documents are now in pro- 
cess including Science Opportunities for The Alaska SAR 
Facility, "Alaska SAR Facility Science Requirements: 
SAR Processor", and "Alaska SAR Facility Science 
Requirements: Receiving Station". The science prepara- 
tion for the ASF also includes preparation and submis- 
sion of proposals to the flight agencies to secure 
access to the flight-instrument data itself in support 
of the Science Team investigations. The generation of 
these proposals, at least one for the polar oceans 
research and one for earth-surface sciences research is 
now underway; they are to be submitted in fall, 1986. 

*by- the PIPOR Group ,B.trick,d., ESA SP- 

_.- -- 
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NASA Ocean Data System (NODS) 

3. Charles Klose 
Victor Zlotnicki 

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-5036 

Data sets from past, present, and future ocean observing satellites 
represent a non-renewable national resource that must be preserved. The 
need for an information system that effectively curates and distributes 
these data sets has been identified by national and international 
scientific committees as an essential element in the flow o f  
information from the satellites to the end user. It is recognized that 
common use of satellite data sets will not become reality until 
effective access to these data set can be provided. In response to this 
need, the NASA Ocean Data System is being developed at the Jet 
Propulsion Laboratory. 

PROGRAM OBJECTIVES: The objective of the NASA Ocean Data System (NODS) 
is to archive and distribute data sets from spaceborne ocean viewing 
sensors and, to a limited extent, data sets from in-situ measurement 
systems. NODS will provide: a catalog of data sets relevant to ocean 
science; abstracts o f  documents relevant to catalogued and archived 
data sets; data at processing level 0, 1, and 2 (swath-oriented), level 
3 and 4 (gridded); browse files - -  small data subsets designed for 
quick, interactive browsing; the ability to select much of the NODS 
holdings by time, region, project, sensor, data level, and measurement 
type, as appropriate; the ability to display graphics or tabular data 
subsets at the user’s terminal; the ability to transfer graphics or 
tabular data subsets to the user, either electronically to the user’s 
computer or shipped as hardcopies, tapes or optical disks. Catalog, 
bi bl i ography, data sel ect i on request, and browse f i 1 e di spl ays wi 1 1 a1 1 
be available interactively. 

APPROACH: The NASA Ocean Data System will evolve from the Pilot Ocean 
Data System (PODS). Science requirements from the JOI sponsored 
Satell ite Ocean Data System Science Working Group (SODSSWG), fl ight 
project requirements from NSCAT and Topex, and lessons learned during 
the PODS pilot phase are being incorporated into a new design, which 
when implemented, will result in an operational system capable of 
dealing with the data management and distribution requirements of 
oceanic flight projects of the 1990’s. NODS is being developed by 
extending the existing pilot system to meet NODS requirements. The NODS 
design will be tested and tuned using data from DMSP SSM/I, Geosat, and 
the West Coast Satellite Time Series. NODS will be implemented as a 
network of distributed archives. The JPL node is considered to be the 
prototype for the other nodes in the NODS network. Newly created nodes 
will be provided with the JPL developed software, thus ensuring cost 
efficiency and as much uniformity as possible within the network. The 
National Snow and Ice Data Center at the University of Colorado is 
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expected to become the second full functional node in the Spring o f  
1987. In the next year nodes having data set cataloging capability will 
be established at the University of Rhode Island, the University o f  
Miami, the University of Colorado, the University of Delaware, and the 
National Ocean Data Center. 

CURRENT STATUS: NODS/PODS responded to 977 request for Seasat and GEOS- 
3 data and shipped 1577 products to the oceans research community. We 
also distributed subsets o f  the level one Seasat Alt,' SMMR, and SASS 
data to the European Space Agency (ESA) for their use in preparing 
algorithms for ERS-1 (the entire level 1.0 and 2.0 Seasat ALT, SASS, 
and SMMR data sets are being delivered to ESA in 1986). NODS is 
housing, and will eventually distribute (probably in 1987), over 4000 
west coast passes of AVHRR and CZCS data taken by the Scripps Satellite 
Facility. We continued to make good progress towards the development o f  
a system to process, archive and distribute SSM/I data in support o f  
NASA's polar and ocean research programs (SSM/I is expected to be 
launched in the last quarter o f  1986); in the last year we: 1) 
continued to develop the necessary data processing and data management 
capabilities, 2) drafted SSM/I operations plan with the National Snow 
and Ice Data Center at the University of Colorado, 3) made arrangements 
with Naval Space Surveillance for the acquisition o f  DMSP SSM/I orbital 
elements, and 4) initiated the purchase o f  a 200 Gigabyte digital 
optical disk data storage system that will house the SSM/I data base. 
In 1985 a 15 node oceanography computer communication network was 
designed which incorporated facilities provided by the NASA Program 
Support Communication Network (PSCN) and the Space Physic Analysis 
Network (SPAN); the network is expected to become operational in mid 
1986. Also during 1985 software to implement a prototype for a 
distributed catalog for oceanographic data was completed and partially 
tested; by 4/86 the fully tested prototype will be delivered to the 
University o f  Rhode Island, the University of Miami, the University o f  
Delaware, the National Snow and Ice Data Center, and NOAA/NODC. 
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Processing and Archival of Data from the 
DMSP SSM/I 

J. Charles Klose 
Char1 es Morri s 

Jet Propul si on Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-5036 

During the latter half of 1986, it is anticipated that a Defense 
Meteorological Satellite Program (DMSP) satellite will be 
launched into a polar orbit carrying the first Special Sensor 
Microwave Imager (SSM/I), a new passive microwave radiometer. 
Information relating to atmospheric water vapor, precipitation, 
wind speed, soil moisture, and ice conditions can be derived by 
processing the SSM/I data. 

The SSM/I data will be processed by the Fleet Numerical 
Oceanography Center (FNOC) on a real-time basis for operational 
use by the Navy. It is expected that FNOC will produce 
Temperature Data Records (TDRs) , Sensor Data Records (SDRs) , and 
Environmental Data Records (EDRs). The fDRs consist of 
earth-located antenna temperatures that have been surface-type 
tagged and cal i brated. The SDRs are brightness temperatures 
computed from the antenna temperatures by applying an antenna 
pattern correction. The EDRs contain the geophysical parameters 
computed from the SDRs, such as, ice parameters, precipitation, 
and wind speed. 

Existing agreements require that data from DOD satellites be sent 
to NOAA’s Satellite Data Services Division (SDSD) of the 
National Environmental Satellite, Data, and Information Service 
(NESDIS) for distribution to research and commercial users. 
Initially, the SSM/I data sets will be transmitted to NESDIS via 
magnetic tape. However, starting in late 1987 these data sets 
will be broadcast to NESDIS via an RCA satellite link. 

The NASA Ocean Data System (NODS) will receive TDR tapes from 
NESDIS on a regular basis after the DMSP satellite is launched. 
The TDR files were chosen over the SDR files because FNOC has 
stated that both types of data may not be sent due to time 
constraints and the TDR data would have priority. The TDR data 
will be received from NESDIS within about two or three weeks 
after the observations are made. NESDIS data delivery times 
should improve once the satellite link between the Navy and 
NESDIS is established. 

Once received at NODS, the global, swath TDR antenna temperatures 
will be converted to brightness temperatures (SDRs) using an 
antenna pattern correction scheme equivalent to that used by the 
Navy. These brightness temperatures or SDR data will be stored 
i n  the “SDR Rapid Access Archive” designed to allow rapid, 
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selective access to subsets of the data. The Rapid Access 
Archive will be stored on optical platters. It is this Rapid 
Access Archive which will be used to create the higher level 
products. 

Gridded (Level 3) products will be produced from swath brightness 
temperatures by temporally and spatially averaging the data onto 
regular Earth-fixed grids covering the polar regions. The data 
from the 85-GHz channels will be presented on daily, 12.5 
kilometer (km) grids. Data from the 19, 22, and 37 GHz channels 
will be given on 25 km grids. Using these gridded average 
brightness temperatures as input, first year, mu1 ti-year, and 
total sea ice concentration will be calculated using an algorithm 
provided by the NASA Sea Ice Algorithm Working Group. The ice 
concentrations will be presented on 3 day, 50 km grids. Daily, 
high resolution (12.5 km) ice edge maps will eventually be 
produced from the 85 GHz brightness temperatures; algorithms for 
thi s product are under development . 
Once produced, the gridded products will be loaded on the NODS 
archive system for distribution to the research community. Swath 
and gridded SSM/I data products will be available both on-line 
via terminal access, and off-line via mail. Users will be able 
to interactively search a catalog o f  SSM/I data products, display 
images of gridded SSM/I brightness temperature and ice 
concentration products, display 1 istings and plots of SSM/I swath 
data on their own terminal, and order data subsets. Delivery of 
large amounts o f  data will be via magnetic tape or optical 
platter. For users who are connected to' NODS via a computer 
network i t  will be possible to transfer small (less than 2 
megabytes) data subsets using electronic file transfer 
procedures. 

After approximately 6 months of SSM/I operations at 3PL there 
will be a gradual shift in operational responsibility to the 
National Snow and Ice Data Center (NSIDC) at the University o f  
Colorado at Boulder. NSIDC will be provided with the SSM/I data 
processing, archival and distribution software developed at JPL. 
They will augment this software to produce and manage snow 
products, in addition to the ice products already discussed. 
Eighteen months after SSM/I launch NSIDC will assume complete 
responsibility for the production, archival and distribution o f  
all SSM/I ice and snow products. 
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GEOSAT 

The following summary by Ernest T. Young, JOI, was compiled from materials provided by the 
Office of the Oceanographer of the Navy. It represents our best attempt at reflecting the 
Navy information but does not itself have Navy concurrence. The Navy point of contact is 
CDR. William L. Shutt, telephone 202/653-1616. 

GEOSAT was successfully launched on 12 March 1985 into a near-circular orbit with an 
altitude of 800 km. It is projected to operate continuously for at least 48 months which 
should satisfy both the primary and secondary missions. The primary mission of GEOSAT is 
to provide a homogeneous, high density, intermediate and long wavelength gravity data 
base over the world ocean areas for required improvements in the Navy's earth gravitational 
models. The primary mission is planned for a total of 18 months. 

Along with determining the gravity field, GEOSAT data can also be used to enhance naval 
warfare capability by improving the maps of the ocean bottom. For this reason, the geoid 
data and the raw altimeter data from the primary mission is classified. Oceanographers realize 
however that some insight into ocean variability can be gained by using residual sea height 
information obtained by removing the geoid. Navy is planning to release some of this data on 
a special request case-by-case basis. The Navy also plans to release GEOSAT's waveform, 
significant wave height, and wind speed information and corrections it applies to the data for 
water vapor attenuation, ionospheric variations, tides and other sources of environmental 
error. 

After completing the primary misison period, the project plans to shift to an "Exact Repeat 
Misison (ERM)", which will complement the SEASAT 17-day, near-repeat ground tracks and 
should continue until satellite failure. Both oceanographic and geodetic data will be 
collected during the ERM. 

Data release for the ERM is subject to negotiations with the Navy. 



NAVY REMOTE OCEAN SENSING SYSTEM (N-ROSS) 

The following summary by Ernest T. Young, JOI, was compiled from materials provided by the 
Office of the Oceanographer of the Navy. It represents our best attempt at reflecting the 
Navy information but does not itself have Navy concurrence. The Navy point of contact is 
CDR. William L. Shutt, telephone 2021653-161 6. 

The Navy Remote Ocean Sensing System (N-ROSS) is a satellite system which will provide 
oceanographic measurements on a continuous, all weather, global basis. The N-ROSS 
mission is designed to acquire ocean data for operational and research use by both the 
military and civil sectors. 

Sensors to be flown include the NASA Scatterometer (NSCAT) for winds, a twofrequency, 
large antenna microwave radiometer for sea surface temperature, a four-frequency 
microwave radiometer (the Special Sensor Microwave/lmager, SSM/I) for imaging ice 
properties and the sea-ice edge, and a GEOSAT-type altimeter for wave height and front and 
eddy location. A detailed breakdown of the sensor capabilities is provided in the table below. 

The satellite is currently scheduled for a three-year mission starting in late 1990, still TBD, 
pending outcome of an RFP and will be placed into a near-polar, sun-synchronous orbit with 
an inclination of 98.7 degrees, a height of 820 km, and an 0600 ascending local equatorial 
crossing time. With this orbit, 90% of the ocean will be observed every two days. 

Three of the sensors, the altimeter, the SSM/I, and NSCAT, are under contract. An RFP will 
be issued in early summer 1986 to compete the spacecraft, system integration, and the 
remaining sensor, the LFMR. The contract award is expected before January 1987. 

The availability of data for research and the method of distribution is in the preliminary 
discussion phase. The altimeter data is expected to be classified. 

Sensar Parameter 
Scatterometer Wind Speed 

Wind Direction 

Altimeter Altitude 
Significant Wave Height 
Wind Speed 

Microwave Imager Surface Wind Speed 
(SSM/I) Ice Edge 

Precipitation 

Low Frequency Sea Surface Temper- 
Microwave Radi- ature 
ometer (LFMR) 

eaDabilitv HairaIQ 

2.0 m/s (Range 3-30 m/s) 
2op Improved Wind Direction. 

Modified from Seasat. 

8 cm (when HlBc5m) 
0.5 m or 10% whichever is larger 
2 m/s (1 -1 8 mls range) 

+/- 2 m/s (25 km Resolution) DMSP Instrument; 
+/- 12.5 km (25 km Resoultion) High frequency for ice edge 
+/- 5 mmhr (25 km Resolution) better than Seasat SMMR. 

Same as Geosat Altimeter. 

1 .OQC 
25 km Resolution 

11-19 

New Device with Higher 
Resolution than SMMR. 



E R S - 1  : THE FIRST EUROPEAN REMOTE S E N S I N G  SATELLITE 

Guy Duchosso is  - E R S - 1  M i s s i o n  Manager 
European Space Agency ( E S A )  

8-10, r u e  M a r i o - N i k i s ,  F-75738 P a r i s  1 5  

S ta tus  : The development  and manu fac tu re  phase o f  ERS-1 s t a r -  
t e d  i n  January  1985, conducted  by an  i n d u s t r i a l  c o n s o r t i u m  o f  
European and  Canadian companies; t h e  programme has been 
approved  by 13 c o u n t r i e s  w i t h  t h e  o b j e c t i v e  o f  a launch b y  
mid-1989 b y  t h e  A r i a n e  l a u n c h e r  f r o m  Kourou, F rench  Guiana, 
i n t o  a sun-synchronous c i r c u l a r  o r b i t  e t  780 kin a l t i t u d e ,  w i t h  
a mean l o c a l  t i m e  (descend ing  node)  o f  10.30. The expec ted  
l i f e t i m e  o f  E R S - 1  is 2 t o  3 years ;  i t  i s  a n t i c i p a t e d  t h a t  
E R S - 1  w i l l  be  t h e  f o r e r u n n e r  o f  a s e r i e s  o f  European remote  
s e n s i n g  s a t e l l i t e s  t o  become o p e r a t i o n a l  i n  t h e  mid-1990'a. 

The E R S - 1  m i s s i o n  o b j e c t i v e s  a r e  o f  b o t h  a s c i e n t i f i c  and 
a p p l i c a t i o n  n a t u r e  and a i m  t o  : 

- I n c r e a s e  t h e  s c i e n t i f i c  u n d e r s t a n d i n g  o f  c o a s t a l  zones and 
g l o b a l  ocean p r o c e s s e s  which,  t o g e t h e r  w i t h  t h e  m o n i t o r i n g  
o f  p o l a r  i c e  r e g i o n s ,  w i l l  p r o v i d e  a ma jo r  c o n t r i b u t i o n  t o  
t h e  Wor ld  C l i m a t e  Research  Programme. 

- E s t a b l i s h ,  deve lop  a n d  e x p l o i t  t h e  c o a s t a l ,  ocean and  i c e  
a p p l i c a t i o n s  o f  remote  s e n s i n g  d a t a  ( o f f s h o r e  p e t r o l e u m  
a c t i v i t i e s ,  s h i p  r o u t i n g  and f i s h i n g  a c t i v i t i e s ) .  

- S t i m u l a t e  and deve lop  s c i e n t i f i c  r e s e a r c h  and a p p l i c a t i o n  
d e m o n s t r a t i o n  a c t i v i t i e s  u s i n g  a l l - w e a t h e r  h i g h  r e s o l u t i o n  
d a t a  f r o m  t h e  i m a g i n g  r a d a r  ( S y n t h e t i c  A p e r t u r e  Radar) .  

P r i o r i t y  i n  t h e  p a y l o a d  has  been g i v e n  t o  a comprehensive s e t  
o f  r a d a r  i n s t r u m e n t s  des igned  t o  observe  t h e  s u r f a c e  w ind  and 
wave s t r u c t u r e  o v e r  t h e  oceans. These i n s t r u m e n t s  c o n s i s t  o f  a 
C-band w i n d  s c a t t e r o a e t e r  des igned  t o  measure w ind  speed and 
d i r e c t i o n ;  a Ku-band r a d a r  a l t i m e t e r  t o  measure s i g n i f i c a n t  
wave h e i g h t  and w i n d  speed a t  nadi.r and p r o v i d e  measurements 
o v e r  i c e  and  ma jo r  ocean c u r r e n t s ;  a n d  a C-band s y n t h e t i c  
a p e r t u r e  radar (SAR) t o  t a k e  a l l - w e a t h e r  h i g h  r e s o l u t i o n  
images o v e r  p o l a r  caps, c o a s t a l  zones, and l a n d  a reas .  The 
l a t t e r  w i l l  a l s o  b e  o p e r a t e d  i n  a sampled mode o v e r  oceans a s  
a wave s c a t t e r o i e t e r  w i t h  t h e  a i m  o f  measur ing  t h e  wave spec-  
t r u m .  
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I n  a d d i t i o n  t o  t h e s e  r a d a r  i n s t r u m e n t s ,  t h e  f o l l o w i n g  e lemen ts  
a r e  i n c l u d e d  : l a s e r  retroreflectors f o r  a c c u r a t e  t r a c k i n g  o f  
t h e  s a t e l l i t e  and r a d a r  a l t i m e t e r  c a l i b r a t i o n ;  t h e  Along-Track 
Scanning Radiometer comp le ted  w i t h  a two- f requency  Microwave 
Nadir Sounder (ATSR-I) t o  measure sea s u r f a c e  t e m p e r a t u r e  and 
t o  p r o v i d e  i n f o r m a t i o n  f o r  t h e  "wet-atmosphere"  c o r r e c t i o n  f o r  
t h e  r a d a r  a l t i m e t e r ;  and t h e  Precise-Range and Range Rate 
Equipment (PRARE) t o  p r o v i d e  h igh -accu racy  t r a c k i n g  i n f o r -  
m a t i o n  i n  s u p p o r t  o f  t h e  r a d a r  a l t i m e t r y  f o r  ocean c i r c u l a t i o n  
s t u d i e s .  

The ground segment concep t  wh ich  has  been s e l e c t e d  w i l l  p r o -  
v i d e  t h e  f o l l o w i n g  f u n c t i o n s  : 

. S p a c e c r a f t  and p a y l o a d  c o n t r o l  and m i s s i o n  management 

. P r o v i s i o n  o f  SAR r e g i o n a l  service, S A R  o p e r a t i n g  t i m e  
b e i n g  l i m i t e d  t o  a maximum o f  10 m i n u t e s  p e r  o r b i t  ( i .e .  
du ty  c y c l e  o f  10%).  

. P r o v i s i o n  o f  l o w  b i t  rate (LBR) g l o b a l  s e r v i c e  t h a n k s  t o  
t h e  on-board  t a p e  r e c o r d e r  w i t h  a c a p a c i t y  a l l o w i n g  one 
comp le te  o r b i t  p e r i o d  ( i . e .  100 m i n u t e s )  o f  LBR d a t a  ( i .e .  
d a t a  o t h e r  t h a n  f r o m  t h e  S A R  s e n s o r )  t o  b e  s t o r e d .  

G e n e r a t i o n  and d e l i v e r y  w i t h i n  3 h o u r s  f r o m  o b s e r v a t i o n  o f  
a number o f  s e l e c t e d  p r o d u c t s  c a l l e d  f a s t - d e l i v e r y  (FD) 
p r o d u c t s ,  i n c l u d i n g  S A R  " F a s t  D e l i v e r y "  images, w i n d  speed 
and d i r e c t i o n ,  wind speed a t  n a d i r ,  wave h e i g h t  a t  n a d i r  
and  wave image s p e c t r a .  

. A r c h i v i n g  e n d  g e n e r a t i o n  o f f - l i n e  o f  p r e c i s i o n  and the -  
matic products  u s i n g  n a t i o n a l  f a c i l i t i e s  p r o v i d e d  t o  t h e  
Agency by  some o f  i t s  Member S t a t e s  (France,  Germany, 
I t a l y  a n d  U K ) .  

To f u r t h e r  p romote  and  expand t h e  u t i l i z a t i o n  o f  E R S - 1  da ta ,  
E S A  w i l l  i s s u e  w o r l d w i d e  an  Announcement o f  O p p o r t u n i t y  f o r  
s c i e n t i f i c  i n v e s t i g a t i o n s ,  a p p l i c a t i o n  d e m o n s t r a t i o n  e x p e r i -  
ments and c o n t r i b u t i o n s  t o  t h e  g e o p h y s i c a l  d a t a  v a l i d a t i o n ,  
w i t h  t h e  a i m  o f  s e l e c t i n g  P r i n c i p a l  I n v e s t i g a t o r s  by t h e  end 
o f  1986. 
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MARINE OBSERVATION SATELLITE - 1 (MOS-1) 

Yoshihiro lshizawa 
Director, Earth Observation Satellite Group 

National Space Development Agency of Japan (NASDA) 
24-1 Hamamatsu-cho 

Minato-ku, Tokyo 105, Japan 
telephone: (03) 435-6202 

Proaram Obiectives: The main mission objectkfes are: (1) to establish the fundamental 
technologies of earth observation satellites; (2) to carry out experimental observation of 
the state of sea and atmosphere using three different sensors--a multi-spectrum electronic 
self-scanning radiometer (MESSR), a visible and thermal infrared radiometer (VTIR), and a 
microwave scanning radiometer (MSR)--and to verify the performance of these onboard 
sensors; and, (3) to perform basic experiments for a data collection system. 

The design mission lifetime is two years. 

Mission Hardware: Three kinds of sensors and a data collection transponder will be flown 
on board. MESSR is an electronic scanning type radiometer using charge-coupled 
devices (CCD) having 2048 elements, which will provide approximately 50-meter spatial 
resolution over 100 km swath width in three visible bands and a near infrared band. Two 
sets of MESSR hardware including the signal processor and 8 GHz data transmitter are 
installed, and the viewing direction of telescopes are canted slightly (2.7 deg) to each 
other. The swath width then becomes 200 km in the case of parallel operations. Data from 
MESSR will be used for surveying sea surface colors which relate to vegetal plankton, land 
usage and crop inventories. VTlR is a mechancial scanning radiometer with a 
Ritchey-Chretien type telescope, which will provide approximately 900-meter spatial 
resolution in the visible band and 2700-meter in the infrared band over 1500 krn swath 
width. VTIR has one visible and three infrared channels, and will permit the measurement 
of sea surface temperature and atmospheric vapor. MSR is composed of two Dicke type 
radiometers in frequencies of 23 GHz and 31 GHz. Scanning is performed by rotating an 
offset parabolic reflector. MSR will provide approximately 32 km spatial resolution in the 23 
GHz band and 23 km in the 31 GHz band over 320 km swath width, and will permit the 
measurement of the water content of the atmosphere, sea ice and snowpack on land. In 
addition to the remote sensors, DCST (Data Collection System Transponder) will be flown 
on board. This will collect the data transmitted at 400 MHz band from DCP (Data Collection 
Platform) floating on the sea surface and send the information to the ground station at 
1700 MHz band through the onboard repeater. 

Orbit: MOS-1 will be placed into sun-synchronous and near-recurrent orbit with altitude of 
approximately 909 km and inclination of approximately 99 deg. Recurrent period is 17 
days and a local time at descending node is from 1O:OO to 1 1 :00 a.m. 

Planned Lau nch Date : MOS-1 is planned to be launched in early 1987 by N-I1 launch 
vehicle from the Tanegashima Space Center. 

Current S t a t m  * Preliminary design of MOS-1 started in 1979 based on Japanese 
technologies. Qualification test (QT) of prototype model (PM) was completed in 1985. At 
present, MOS-1 is on the final stage of development phase, and the acceptance test (AT) 
of flight model (FM) is in progress. AT will be accomplished by April 1986. 
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Data acquisition station for MOS-1 is located at Hatoyama, about 50 km northwest of 
Tokyo. Hatoyama Earth Observation Center (EOC) is responsible for mission 
management, in particular for scheduling of data acquisition and processing in accordance 
with request of domestic and foreign users. 
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EARTH RESOURCES SATELLITE - 1 (ERS-1) 

Yasushi Horikawa 
Director, Earth Observation Satellite Program Office 

National Space Development Agency of Japan (NASDA) 
2-4-1 Hamamatsucho 

Minato-ku, Tokyo 105, Japan 
telephone: (03) 435-6166 

Proaram Obiectives: The main objectives are: (1) to establish the technologies of active 
microwave sensor, synthetic aperture radar (SAR); and, (2) to examine the terrestrial 
resources and environment, primarily focused on the geological and topographic survey and 
other applications such as scientific understanding of snow cover, sea-ice and vegetation 
distribution and monitoring of coastal and offshore activities and environmental pollution on a 
global basis. 

The mission lifetime will be two years. 

Sensors on Board: Three kinds of sensors will be flown on board: (1) An L-band synthetic 
aperture radar (SAR) is a main mission equipment for establishment of the technology of an 
active sensing satellite. SAR will provide approximately 18-meter spatial resolution over 75 
km swath width. Data from SAR will be used for study of geological features, sea-ice behavior 
and oceanic dynamics. (2) A visible and near infrared radiometer (VNR) will provide 
approximately 18-meter spatial resolution over 75 km swath width and capability of 
stereographic imaging. Data from VNR will be used for understanding of vegetation 
distribution and discrimination, etc. (3) A short wavelength infrared radiometer (SWIR) will 
provide approximately 18-meter spatial resolution over 75 km swath width. Data from SWIR 
will be used for geological survey. 

Qrbit: Orbit altitude of approximately 568 km and inclination of approximately 98* (circular, 
sun-synchronous) with repeat cycle of 44 days and mean local time at descending node of 
10:30 +/- 30 min. have been selected as baseline. 

Planned Launch Date: ERS-1 is planned to be launched in early 1991. 

Current Status ; Study of ERS-1 was undertaken by NASDA in 1980, and since 1985 the 
Ministry of International Trade and Industry (MITI) has been responsible for development of 
mission equipments (SAR, VNR, SWIR, Mission Data Recorder, and Mission Data 
Transmitter) and NASDA for development of bus equipments, integration of the mission and 
bus equipments into a satellite system, tests of the system, launch and tracking and control 
of the satellite. 

Data acquisition station and processing sytem is under study by MITI and NASDA. 

Preliminary design of ERS-1 was completed in 1985. Critical design will start in 1986 after 
basic design. 
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SATELLITE OCEAN DATA SYSTEM SCIENCE WORKING GROUP (SODSSWG) 

H. Frank Eden 
Joint Oceanographic Institutions Inc. (JOI) 

1755 Massachusetts Ave., N.W. 
Washington, DC 20036 

(202) 232-3900 

Obiective and Scooe: 

The overall objective of the Science Working Group is to provide guidance and advice on 
how best the satellite and associated in situ data needs of research oceanographers and 
allied earth scientists can be met. The specific terms of reference are to provide: 

the conceptual design of a distributed data system to couple flight projects (e.g., 
TOPEX, N-ROSS/NSCAT, NOAA/AVHRR & OCI, DMSP/SSMI, ERS-l/SAR) with 
local/regional/national processing and analysis centers (e.g., at oceanographic 
institutions, universities and/or government facilities), and national archives (both U.S. 
and foreign), 

recommendations concerning how this system will couple to the data management 
systems of large ocean research programs such as WOCE, TOGA, GOFS, and PIPOR, 

recommendations concerning how this system will couple to present and planned 
systems for operational use of satellite data, 

recommendations concerning how such a system can serve as the oceanographic 
component of and be compatible with similar data systems for multi-disciplinary programs 
such as the Earth Observing System, 

an identification of present and potential agency roles in the implementations of such a 
system, and 

recommendations concerning how NASA might best fulfill its role in the development of 
such a system, including as elements the Pilot Ocean Data System at JPL and 
appropriate facilities at GSFC. 

Anticioated Benefits; 

The overall strategy for ocean research using satellite data has been defined in two recent 
documents: "Oceanography from Space: A Research Strategy for the Decade 1985-1 995," 
Part I "Executive Summary" and Part 2 "Proposed Measurements and Missions." This 
strategy is built upon the proposed sequence of space missions due to be launched circa 
1990. These missions will produce an enormous and rapid increase in ocean data. 

The long term goal of the subsequent SODSSWG studies is to have in place and operating 
by 1990, a distributed, linked, system of data management units that can process, distribute, 
analyze and archive ocean satellite data and associated in situ data for research. 
Implementing this will involve actions by NASA, other agencies, and the oceanographic 
research community. 

Three major types of data management units are key elements to meeting the computation 
and data management challenges; archival data centers, data repositories for recent, mission 
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specific data; and, active data sites involved in intensive research. There are candidate 
centers for each of these three classes and several networks already in place or planned for 
related needs (e.g., SPAN, UNIDATA, NSFNet). There is not, however, a strategy defined to 
develop a data system for oceanographic research, to review the capabilities of existing 
candidate units, or, to identify serious gaps. The SODSSWG effort will develop this strategy. 

status: 

SODSSWG was established in 1985 as a committee of about 12 members with associated 
agency liaison representatives. Broad community representation has been achieved 
through membership on panels of SODSSWG. 

At the first meeting of SODSSWG at JPL on November 14-15, 1985, the group considered 
the management of existing or near-term satellite ocean data systems, existing data 
management elements including in particular the SPAN network and its applicability to 
oceanography, and the status of the NASA Ocean Data System, NODS. These case studies 
identified requirements for successful future operations. Four subpanels were established 
to address specific issues relating to: NODS; Archiving; Networking; and Non-NASA flight 
projects. The minutes of this meeting are available from JOI. 

Subsequently, SODSSWG reviewed the potential of the SPAN network, (based on 
DECNET protocols) to serve oceanographers' needs. The group concluded that it was 
advisable to take the opportunity presented by the existence of SPAN and the new NASA 
Program Support Communications Network (PSCN) for the near term while techniques of 
internetwork connection developed. Fourteen oceanographic centers will be in operation 
on this network by summer 1986. 

SODSSWG met for the second time at Goddard Space Flight Center on April 17-18, 1986 
together with the WOCWOGA Data Management Working Group-IV. In addition to the full 
group, the panels held initial meetings to develop their agendas and reporting schedules. 
The full group reviewed progress on the SPAN and PSC networks, the Pilot Climate Data 
System, progress in the distributed implementation of the NODS GOLD Catalog and 
considered NOAA plans for satellite data management. Minutes of the meeting, including 
the panel meetings, are available from JOI. 
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ICE SHEET ALTIMETRY 

Robert H. Thomas 
Space Department, RAE Farnborough 

Hampshire GU14 6TD United Kingdom 
telephone: (0252) 24461 ext. 3766 

In view of the planned launch of several instruments which might provide jnformation that could 
be applied to ice sheet investigations, NASA asked a Science Working Group (SWG) to assess 
these potential research applications. The report of the SWG* published in 1985, indicated that 
first priority should be given to acquisition and analysis of all over-ice data from future radar 
altimeters. 

Radar Altimeters are well proven instruments for conducting glaciological research from space. 
Data from GEOS-3 and SEASAT have been used to improve significantly the surface-elevation 
maps of both Greenland and Antarctica. Such information has several important applications: 

Measurements of surface slope are needed to determine the driving force for ice 
motion. 

Accurate measurements of surface elevation delineate individual ice streams and 
their drainage basins, the grounding line separating ice sheet from floating ice shelf, 
and grounded ice rises within the ice shelves. 

Sequential altimetry surveys should reveal areas where the ice sheet is thickening 
or thinning. 

In addition to the altimeter currently operating aboard the U.S. Navy's GEOSAT, similar 
instruments will be included on ESA's ERS-1, N-ROSS, and TOPEX. Although TOPEX will 
not overfly the polar regions, the highly accurate data from this mission will be used to 
"calibrate" and improve the accuracy of measurements from the other missions. Existing data 
from SEASAT is currently being used at GSFC to compile accurate surface-topography maps 
of Greenland and Antarctica within the latitude band 72a N to 72a S. In addition, positions of 
the ice-cliff margins of Antarctica that were traversed by Seasat are being mapped to an 
accuracy of a few hundred meters-a considerable improvement over existing maps. The 
resulting maps of topography and ice-cliff margins provide a set of "baseline" information 
appropriate to the lifetime of SEASAT (1978). Comparison with data from subsequent 
altimetry missions should reveal those areas where the ice-cliff margin has advanced or 
retreated, and areas where surface elevation has changed. In keeping with the 
recommendations of the SWG, NASA has requested release of the over-ice data from 
GEOSAT for such a comparison, and we are optimistic that the request will be approved. 

The SWG also supported development of a satellite laser altimeter which, because of its 
smaller footprint, could provide a more accurate measurement of ice-surface elevations. In 
particular, thickening or thinning of the ice sheets would be more readily detected by laser 
altimetry. Early detection of such changes is becoming increasingly important, since 
ice-sheet thinning could have a significant effect on world sea level following the much 
predicted "greenhouse" warming. 

. 
*Satellite remote sensing for ice sheet research. NASA Technical Memorandum 86233, 
1985. 
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SAR MAPPING OF ANTARCTICA 

Kenneth C. Jezek 
Code EEC 

NASA Headquarters 
Washington, DC 20546 

(202) 453-1 725 

Antarctica remains as one of the least explored and most poorly understood regions of the 
earth. Remote and inhospitable conditions have limited scientific investigations conducted 
on the surface and frequent cloud cover and the polar night severely restrict visible 
observations from aircraft or from space. Now, predictions of global warming due to 
increasing concentrations of atmospheric C02 are leading to a heightened awareness of 
both polar regions and the impact that gradually retreating ice sheets could have on sea 
level. This concern, coupled with new initiatives to evaluate the mineral wealth of Antarctica 
is resulting in increasing levels of scientific investigation on the continent. These 
multinational programs have been very successful at piecing together important elements of 
the geologic and glaciologic puzzle but rarely have individual investigations been integrated 
into a broader portrait of the dynamics of the southern continent. This synthesis is not 
occurring because there are no continent-wide observations into which discreet, detailed 
observations can be incorporated. 

In September 1985, a meeting was convened at JPL to address these issues by exploring 
the potential for imaging the continent with synthetic aperture radar (SAR) to be flown aboard 
the space shuttle. Discussions by this interdisciplinary and international group were focused 
first on the characteristics of the radar and the possible imaging modes capable from the 
shuttle. The scattering properties of the snow and ice comprising the ice sheet were also 
discussed in order to estimate what glaciological parameters could be deduced from radar 
images. Finally, the group considered the scientific problems that could be addressed with 
SAR, including, for example: 1) providing benchmark measurements of the spatial extent of 
the ice sheet and ice shelves; 2) identification of present and past flow features; 3) location 
and configuration of ice rises; and, 4) the location of blue ice zones. The consensus opinion 
of the group was that continent wide imaging to study problems such as those listed would 
constitute a valuable and practical program with a strong likelihood for success. 

In addition to the more general goals, a need was recognized by several of the participants to 
establish accurately located points on the surface of the ice sheet that would be recorded on 
the radar image. The points would be used primarily for three purposes: to provide accurate 
benchmarks for compiling composite maps; to provide surface velocity measurements from 
repeated observations; and, to provide data for correcting determinations of the shuttle orbit. 
Large corner reflectors precisely located on the surface seemed to be the best way to satisfy 
this requirement and several test reflectors were deployed in Antarctica during the 
1S85-1986 season. A reflector at the South Pole is presently being observed by station 
personnel year round to record the effects of wind and snow on the structure. 

The first opportunities for attempting a radar imaging program of Antarctica will be in 1990 
when the European Space Agency is planning to launch a C-band radar aboard ERS-1. 
NASA's shuttle imaging radar program is currently planned to continue in 1990 with the flight 
in polar orbit of SIR-C, a multifrequency, multipolarization system. The capabilities of these 
two programs complement each other very well with ERS-1 providing repeated observations 
during its expected three-year lifetime and the SIR-C experiment providing important details 
on the physics of scattering from polar snow and ice. In anticipation of the opportunities 
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offered by ERS-1, the polar ice sheet community has organized to prepare a response to the 
ESA Announcement of Opportunity for ERS-1. The proposal is in a draft stage and will be 
circulated throughout the community by NASA Headquarters; all interested scientists are 
encouraged to contribute. 
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MODERATE-RESOLUTION I V A G I N G  SPECTROMETER 
INSTRUMENT DEFINITION PANEL 

Wayne E. Esaias, Chairman 
Code 671 , Goddard Space F1 i g h t  Center 

Greenbelt , Md, 20771 
(301 ) 344-5465 

The Moderate-resol u t i  on Imaging Spectrometer (MODIS) Instrument 
Panel was formed i n  March 1984 t o  formulate t h e  inst rument  requ i re -  
ments f o r  t h e  v i s i b l e  and i n f r a r e d  sensor which w i l l  p rov ide  g lobal  
observat ions f o r  t e r r e s t i a l ,  oceanic, and atmospheric Ea r th  System 
research as p a r t  o f  t h e  Ear th Observation System ( E O S ) .  The EOS i s  
planned t o  occupy one o r  more po la r  o r b i t i n g  space p la t fo rms i n  
con junc t ion  wi th  t h e  Space Stat ion.  €OS i s  composed o f  a l a r g e  
s u i t e  o f  inst ruments and a data system t o  support  g loba l ,  decadal 
sca le  s tud ies  i n  t h e  mid 1990's. The MODIS  i s  a key EOS instrument,  
p rov id ing  g loba l  coverage a t  about 1 k i l omete r  r e s o l u t i o n  every two 
days, w i t h  complete spec t ra l  in format ion.  The science d r i v i n g  t h i s  
stems from work w i t h  t h e  AVHRR, CZCS, HIRS-2, and t h e  Landsats. 
MODIS i s complemented by t h e  High Resolut ion Imaging Spectrometer 
(HIRIS) w i t h  20-30 meter r e s o l u t i o n  i n  128 bands over a 150 km swath. 

The panel was composed o f  20 s c i  e n t i  s t s  represent i  ng a1 1 d i  s c i  p l  i ne 
and technology concerns. The panel attempted t o  d e f i n e  t h e  requ i red  
v i s i b l e  and I R  observat ions and operat ions requ i red  t o  support each 
major d i s c i p l i n e ,  and t o  reconc i l e  c o n f l i c t s  t o  p rov ide  design 
c r i t e r i a  f o r  MODIS. The scales of i n t e r e s t  ranged from days t o  
decades, and from hundreds o f  meters t o  tens o f  k i lometers  over t h e  
globe. 
emerge which would be use fu l  f o r  mon i to r ing  g loba l  change as we l l  as 
permi t  research and development i n  e a r t h  sciences t o  proceed. That 
i s ,  e s p e c i a l l y  i n  t h e  spec t ra l  domain, t h e  panel members argued 
s t r o n g l y  aga ins t  i n c l u d i n g  on ly  s p e c i f i c  spec t ra l  bands f o r  which 
proven a1 g o r i  thms e x i  st .  

The observat ional  requirements f o r  ocean imaging a t  1 km were based 
on t h e  MAREX and O C I  on SPOT-3 studies.  These were extended t o  
ob ta in  a complete spectrum a t  10 nm reso lu t i on ,  a b i l i t y  t o  observe 
so l  a r  s t imu l  ated ch l  orophyl  1 f l  uorescence , b i  o l  umi nescence, and 
improved atmospheric c o r r e c t i o n  s tud ies  us ing  p o l a r i z a t i o n  techniques. 
For t e r r e s t i a l  s tud ies,  requirements der ived  c h i e f l y  from t h e  need 
t o  apply  Thematic Mapper spec t ra l  i n fo rma t ion  t o  g loba l  sca le  s tud ies  
o f  vegeta t ion  performed now w i t h  two AVHRR bands, improved land 
sur face  temperature, and b i d i r e c t i o n a l  re f lec tance (BDRF) measurements 
across t h e  spectrum. There was no c l e a r  concensus on requ i red  s p a t i a l  
r e s o l u t i o n  f o r  such g loba l  sca le s tud ies,  and 500 meters was adopted 
pending f u r t h e r  study. Most requirements f o r  snow, i ce ,  and 
atmospheric app l i ca t i ons  were superceded by land o r  oceans requ i re -  

A major requirement was t h a t  a s i n g l e  and cons is ten t  data se t  
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ments, w i t h  no tab le  except ions i n  reso lv ing  oxygen a bands f o r  c loud 
s tud ies,  and t h e  need f o r  atmospheric sounding t o  improve temperature 
measurements. 

I n  many areas t h e  requirements were very complementary among t h e  
s c i e n t i f i c  d i s c i p l i n e s ,  and some c o n f l i c t s  were resolved i n  system 
design concepts. Thus two o p t i c a l  components were recommended. A 
t i l t i n g  component (MODIS-T) , having a 1500 km swath, 64' spec t ra l  bands 
cover ing  t h e  reg ion  from 0.4 t o  1.04 microns a t  10 nm reso lu t i on ,  w i t h  
a minimum o f  17 t o  be c o l l e c t e d  r o u t i n e l y  i f  da ta  t ransmiss ion i s  
l i m i t e d ,  s a t i s f i e s  many o f  t h e  ocean and land BDRF requirements. 
MODIS-T t i l t s  up t o  60 degrees f o r  and a f t .  A nad i r - look ing  component 
(MODIS-N) having 1500 km swath, 35 bands from 0.4 t o  15 microns, 500 
meter r e s o l u t i o n  f o r  land  (TM) v i s i b l e  bands, and 1000 meter 
r e s o l u t i o n  f o r  t h e  remaining bands i s  recommended as t h e  complement. 
The inst ruments may share a common data system. This  approach has the  
advantage o f  op t im iz ing  MODIS-T f o r  a t r u e  spectrometer use fu l  t o  both 
land and oceans, avoids most c o n f l i c t s  over c o a s t l i n e s  ( f o r  ocean 
c o l o r  needs t h e  sensor must be t i l t e d  away from t h e  sun t o  avoid 
specular r e f l e c t i o n s ) ,  w h i l e  a l l ow ing  those channels r e q u i r i n g  h igh  
s e n s i t i v i t y  and/or c o o l i n g  and essen t ia l  land and oceans data t o  be 
c o l l e c t e d  c o n t i n u a l l y  a t  nadi r .  
t h i s  breakout a l so  serves t o  cons t ra in  c a l i b r a t i o n  o f  each component 
as we l l  as a lgor i thms f o r  der ived  proper t ies .  

Since t h e  components a re  coupled, 

C o n f l i c t s  i n  determin ing an opt imal equa to r ia l  c ross ing  t ime  were 
more d i f f i c u l t  t o  resolve,  Short  o f  recommending several  sensors a t  
var ious t imes o f  day, t h e  panel recommended 1 - 1:30 pm as t h e  b e t t e r  
choice over a morning crossing. 

Other areas o f  d iscussed i n  t h e  r e p o r t  a re  on-board and on o r b i t  
ca l  i b r a t i o n  requirements, on-board commandable processing and 
compaction, sensor dynamic ranges requi  red f o r  ocean, 1 and, and c l  oud 
c l imato logy  studies,  data system and da ta  product  requirements, 
a rch i v ing  and d i s t r i b u t i o n ,  v a l i d a t i o n  procedures, management and 
s c i e n t i f i c  team concepts, and unique s c i e n t i f i c  o p p o r t u n i t i e s  given 
simultaneous MODIS and H I R I S  observat ions.  

The MODIS Instrument Panel Report w i l l  be released as a NASA Document 
i n  June, 1986. The MODIS w i l l  be a NASA F a c i l i t y ,  t o  be developed and 
managed by GSFC. Both MODIS components a re  undergoing a more d e t a i l e d  
Phase B study. 
i n c l u d i n g  requests f o r  proposals u t i l i z i n g  MODIS observat ions,  i s  
scheduled t o  be issued by NASA Headquarters O f f i c e  o f  Space Science 
and App l ica t ions  (Code E) i n  October 1986, 
t h i s  A0 w i l l  be used t o  s e l e c t  members o f  t h e  MODIS Science Team, 
which w i l l  serve as t h e  s c i e n t i f i c  adv isory group d u r i n g  instrument 
development and opera t i  on . D r  . Vincent Sal omonson i s t h e  Goddard 
Science Team Leader, and Dr,  W i l l i am Barnes i s  t h e  Sensor S c i e n t i s t .  
Copies o f  t h e  Panel Report may be obta ined from e i t h e r  NASA HQ, Code 
EEC; o r  from GSFC, Code 671. 

An Announcement o f  Oppor tun i ty  f o r  t h e  e n t i r e  EOS, 

Proposals i n  response t o  
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OCEAN TOPOGRAPHY EXPERIMENT (TOPEX) 

Charles A. Yamarone, Jr., Topex Development Flight Project Manager, Jet Pro- 
pulsion Laboratory, MS 264-686, 4800 Oak Grove Drive, Pgsadena, Califor- 
nia 91109; Phone (818) 354-7141 or FTS 792-7141 

Robert H. Stewart, Development Flight Project Scientist, Scripps Institution of 
Oceanography and Jet Propulsion Laboratory, MS 264-686, 4800 Oak 
Grove Drive, Pasadena, California 91109; Phone (818) 354-3327 or FTS 
792-3327 

Program Science Goals: Topex/Poseidon is an international satellite mission 
resulting from the merger of NASA’s Topex with the French Centre National 
d’Etudes Spatiales‘ (CNES) Poseidon experiment. The goal of the mission is to 
increase substantially our understanding of global ocean dynamics by making 
precise, accurate, and global observations of sea level for several years. The 
observations will then be used by NASA and CNES Principal Investigators 
selected through a n  Announcement of Opportunity and by the wider oceano- 
graphic community working with large international programs for observing the 
Earth, on studies leading to an  improved understanding of ocean dynamics and 
the interaction of the ocean with global processes influencing life on Earth. The 
specific goals are to: (1) measure sea level of the global oceans for a period of at 
least three years with an accuracy and precision sufficient for determining the 
ocean’s general circulation, tides, and mesoscale variability; (2) process and verify 
the data and distribute them in a timely manner to science investigators; and (3) 
lay the foundation for a continuing program for providing long-term observations 
of the ocean’s circulation and its variability. 
Instrumentation: The Topex/Poseidon mission will measure sea level using 
NASA and CNES altimeters on a well tracked satellite. The NASA altimeter is 
derived from similar instruments flown on Skylab, Geos-3, Seasat, and Geosat, 
except it will operate at two radio frequencies to measure the height of the satel- 
lite above the sea, and to correct the height measurement for the influence of free 
electrons in the ionosphere. The CNES altimeter is the first of a new solid-state 
design, and it will be used to test the design for use on future satellites. An 
advanced technology model of the NASA altimeter has been developed at the 
Applied Physics Laboratory of the Johns Hopkins University under the direction 
of the Wallops Flight Center of the Goddard Space Flight Center (GSFC); and 
its performance is now being evaluated. In addition, the Topex/Poseidon satel- 
lite will carry a three-channel microwave radiometer to gather data necessary for 
correcting the altimeters’ height measurement for the influence of water vapor in 
the troposphere. 
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The orbit of the satellite will be calculated from tracking data obtained from the 
Defense Mapping Agency’s Tranet system: and from a CNES Doris system. A 
third tracking system, which will be carried as an engineering demonstration, will 
track the position of the satellite using differences in the signals from the Global 
Positioning Satellites (GPS) received by Topex and by ground stations. Because 
the accuracy of the orbit calculated from the Tranet data depknds significantly 
on knowledge of Earth’s gravity field a t  the satellite’s height, an improved grav- 
ity field is now being developed by the GSFC and the University of Texas, with 
participation from the University of Colorado. Verification of the satellite’s 
height and orbit will be made using laser tracking of a retroreflector carried on 
the satellite. 
Current Status: Topex/Poseidon was included in the President‘s budget sub- 
mission and is awaiting Congressional approval. The proposed mission is based 
on work carried out from 1980 through 1985 including conceptual and definition 
studies by KASA and CKES, a one-year study by both agencies of the feasibility 
of a joint mission, and studies by three contractors of the feasibility of using 
existing satellite deigns for the  mission. The three contractors were Fairchild, 
RCA, and Rockwell International. Each proposed a satellite complete with 
major subsystems that could be used with minor modifications. One of the three 
designs will be chosen based on proposals submitted by the contractors. 
The proposed mission includes a launch of the Topex/Poseidon satellite by Ari- 
ane in 1991, a satellite designed to last three years with sufficient expendables for 
an additional two years, and a system to process and distribute data. The satel- 
lite will operate in an orbit with an altitude of 1334 km and an inclination of 
63.4 ’. The orbit minimizes the influence of tidal aliases on the measurements of 
sea level: it repeats exactly every ten days to minimize the influence of geoidal 
undulations on measurements of the temporal variability of sea level; and it 
passes directly over two planned calibration sites, one a t  Bermuda to be operated 
by NASA, and one near Dakar to be operated by CNES pending approval by the 
government of Senegal. Because the NASA and CNES altimeters will share a 
common antenna, the two agencies have agreed that the CNES altimeter will 
operate for one day out of twenty (for 5% of the time) while the NASA altimeter 
is turned off. 
Data Availability: NASA and CNES will each process data from their own 
instruments and tracking systems, and will then exchange processed data in the 
form of Geophysical Data Records. Geophysical data processed with verified 
algorithms will be available about six months after launch and continuously 
thereafter. Interim data records from the NASA instruments will be available 
within five days to  provide information for scheduling the mission and for verify- 
ing algorithms. In addition, wind and wave observations from the NASA altime- 
ter will be provided in near real time to the U.S. Navy’s Fleet Numerical 
Oceanography Center within hours of aquisition of data from the satellite. 
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OCEAN COLOR INSTRUMENT (OCI) 

Robert 6. Kirk 
Code 671 

NASA Goddard Space Flight Center 
Greenbelt, MD 20771 

(301) 344-7895 

The OCI mission objectives are governed by the scientific requirements established by the 
NASA Ocean Color Science Working Group in the MAREX Report by the Joint 
U.S./French Science Team and by experiencg with the Coastal Zone Color Scanner. 

OCI mission objectives may be summarized as follows: 

Mapping world-wide chlorophyll distribution means in correlation with sea surface 
temperature, and spatial and temporal variance. 

Determining important aspects of the role of biological physical coupling in 
phytoplankton dynamics in an oceanic system. 

Verifying laboratory derived models for determining the instantaneous rate of marine 
primary production. 

Enabling plankton biology to be studied within a Lagrangian reference frame. 

The Marex Report recommended that NASA develop and fly an OCI mission, and it also 
furnished baseline scientific performance specifications. Goddard then completed a 
Phase A Study for the flight of such a mission on one of the NOAA H, I ,  J Series. Since 
that mission was not possible, NASA and the French Space Agency investigated the 
feasibility of an OCI flight on a French SPOT spacecraft. This task studied and scoped an 
OCI/SPOT mission in cooperation with CNES. A Phase A Report was issued in 1985 on 
the feasibility and ROM cost of that mission. In addition, it updated the option of a NOAA 
flight possibility on NOAA K, L, M series. 

Status to date, efforts to obtain funding for an OCI have been unsuccessful. The one 
remaining flight option is on NOAA K, L, M Series. NOAA has decided that the OCI should 
be a commercial venture. They are looking for a commercial firm willing to build the 
instrument and sell the data for commercial and scientific uses. NASA supports this effort 
and would be active in making the data available to the research community should it come 
to pass. 

Support of science working groups and science definition will continue. Design studies 
are underway for MODIS, the next generation of instrument beyond the OCI, which is 
planned as part of the Earth Observing System on the Polar Platform of the Space Station 
scheduled for launch in the mid-1990's. 



Earth Observing System 

Richard E. Hartle 
NASA/Goddard Space Flight Center 

Greenbelt, MD 20771 
(301) 344-8234 

The new emphasis in Earth science is to think in quantitative 
terms about how the atmosphere, oceans and land surfaces function 
together as a global system. The Earth Observing System (Eos) is 
a multidisciplinary mission being planned for the 1990s to provide 
the observational capabilities and a data and information system 
needed to understand how the Earth works as a system, with 
emphasis on those global processes that operate at or near the 
Earth's surface. The concepts for Eos were developed by an Eos 
Science and Mission Requirements Working Group (SMRWG) that was 
chartered to consider the broad Earth Science objectives that 
could be addressed from a low-earth orbital perspective in the 
199Os, including the specific observations and instruments that 
would be needed to meet the science objectives (Butler et al., 
1984). After the SMRWG completed its work in the summer of 1984, 
an Eos Science Steering Committee (SSC) was formed to develop an 
implementation strategy for Eos while preserving the concepts set 
forth by the SMRWG. As part o f  the SSC's effort, six Eos 
instrument panels and an Eos data panel were formed to refine the 
concepts established by the SMRWG. 

The concept that was developed diverges somewhat from past 
practices in that Eos is considered as an Earth science informa- 
tion system, where mission operations, Eos data bases and 
information about other relevant data sets are tied together by an 
information network (Butler et al. 1984, Arvidson et al. 1985, 
Hartle and Tuyahov, 1986). The network would link users with 
mission data repositories, with Eos and non-Eos data archives and 
with subsets of Eos and related data maintained as active research 
data bases. 

The strategy of the SSC assumes that the Eos instruments are 
to fly on polar platforms developed as part of the Space Station 
complex. Since some of the instruments of research interest to 
Eos are considered operational instruments, it is assumed by the 
SSC that NOAA will develop, fly and produce data from those 
instruments designated as operational within the Eos payload. 
Thus, the aggregate payload of NASA and NOAA provided instruments 
are expected to achieve the requirements implied by the Eos 
science goals and objectives through flight on platforms in sun- 
synchronous orbits. Three platforms are presently planned to be 
launched by the Space Shuttle during the Space Station Project's 
Initial Operating Configuration (IOC). Two of the platforms will 
be provided by the United States and one by the European Space 

11-35 

e 



Agency. Some Shuttle launches will be used for servicing the 
platforms and instruments, including repair and replacement of 
instruments as well as the addition of new instruments. This 
capability will make it possible for the mission life to be 
greater than ten years, a time interval required for study of some 
of the long term processes. A preliminary instrument manifest and 
deployment plan for the IOC time frame is shown in the table below 
(instrument acronyms are defined in Donohoe and Vane, 1986) . Two 
of the platforms will orbit at an altitude of 824 km in the 
morning and afternoon and one at 542 km in the afternoon. To 
complete the €os science requirements, the following instruments 
will be flown post IOC: AMSR, TIMS, NCIS, LFMR, LASA-B, CIS, IR- 
RAD, SUB-MM, F/P-INT, MLS, VIS/UV, DOPLID and ESTAR. 

The key research problems to be addressed by Eos imply the 
need for international scientific cooperation. Implementation of 
a program aimed at understanding the Earth as a globally 
interacting system will require considerable attention be given to 
organizing and coordinating an effort to link multi-national 
projects with a more focused Earth observing project. Thus, the 
overall needs of Earth sciences requires approaching Eos as more 
than space platforms with instruments, but as an Earth science 
information system. Orbiting remote sensing instruments, in-situ 
measurement devices, and a data and information system must be 
fused into a highly capable research tool. 

NASA-Eos/NOAA BASELINE SCENARIO 

824 KM/PM 542 KM/PM 824 KM/AM 

*ADCLS *CR 
*F/P-INT *GLRS 
*HIRIS *LASA-A 
*MODIS *PMR 
AMSU (2) ARGOS 
AVHRR (2) ERB I 
HIRS(2) LFMR 
S&R SEM 
SSMI DB 
ALT ATSR 
GOMR OCI 
SCATT 

*MAG *MPD *SCM *SUS IM 
*SAR 

AMSU (2) ARGOS 
AVHRR( 2) HIRS (2) 
LFMR MLA 
S&R SEM 
SSMI DB 
ALT ATSR 
ERBI SCATT 
SEASAR 

* NASA PROVIDED (2) REDUNTANT INSTRUMENTS 
MLA COMMERCIAL PLACE HOLDER 
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SECTION Ill - INDIVIDUAL RESEARCH SUMMARIES 

Individual research activities supported in full or in part 
by the NASA Oceanic Processes Program in Fiscal Year 
1985 are summarized in the following pages. The 
activities are listed alphabetically by senior principal 
investigator. 



STUDIES OF OCEAN PRODUCTIVITY 

Mark R. Abbott 
Jet Propulsion Laboratory, 169-236 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-4658; FTS 792-4658 

and 

Scripps Institution of Oceanography, A-002 
University of California 

La Jolla, CA 92093 
(619) 452-4791 

Long-Term Interests: To understand the spatial and 
t e m p o x  variability of the amount and production rate 
of phytoplankton biomass and the relationship of such 
variability to physical forcing. 

S ecific Ob'ectives: To understand the coupling of phy- 
h d b l  processes responsible for the tem- 
poral and spatial variability observed in Coastal Zone 
Color Scanner (CZCS) and thermal imagery. I am partic- 
ularly interested in mesoscale and large-scale varia- 
bility. 

Satellite imagery from the continental shelf 
% % & ! o u v e r  Island, B.C. (with Dr. K. L. Denman) are 
being studied. Also, CZCS imagery from the Coastal Oce- 
an Dynamics Experiment (CODE) off northern California 
have been analyzed and compared to the detailed physi- 
cal measurements. Complete images of the California 
Current System are being produced. Eventually, this 
time series will cover the life of the CZCS and will 
include both AVHRR and CZCS data. Analysis of this time 
series is focusing on the seasonal variation of the ob- 
served patterns and on the dynamics of large filaments 
that transport large amounts of coastal water offshore. 

Current Status: Analysis of CZCS imagery from Van- 
couver Island-has concentrated on estimating decorrela- 
tion times as a function of length scale. Initial 
results show large differences between coastal and open 
ocean waters. A manuscript detailing the large-scale 
pigment patterns during CODE-1 has been submitted fo r  
publication. Temporal and spatial patterns of pigment 
were shown to be largely driven by the local wind 
field. All CZCS data from 1981 and 1982 covering the 
California Current has been processed, and analysis of 
these patterns is continuing. Comparisons of a set of 
CZCS images with a CalCOFI cruise in 1981 are being 
analyzed. This work was partially supported by ONR. 
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Scatterometer Applicat ions t o  Ocean Surface Analysis 
and Numerical Weather Predic t ion  

R. A t l a s ,  W. E. Baker, S. Bloom, D. Duffy, H. M. Helfand and E. Kalnay 

Global Modeling and Simulation Branch 
NASA/Goddard Space F l igh t  Center 

(30 1) 344-9543 

Long term i n t e r e s t :  To u t i l i z e  scat terometer  wind d a t a  t o  improve anal- 
yses  over t he  ocean and numerical weather p r e d i c t i o n  and t o  increase  our 
understanding of processes a t  t h e  air-sea in t e r f ace .  

Objectives of t h i s  s p e c i f i c  task :  To (a)  produce g loba l  f i e l d s  of sur-  
f a c e  wind and su r face  f luxes  using t h e  complete 96-day Seasat s ca t t e ro -  
meter (SASS) da ta  s e t ;  (b)  Evaluate objec t ive ly  dea l iased  winds and the  
impact  of t hese  winds on g loba l  gridded analyses;  ( c )  develop techniques 
t o  increase  the  b e n e f i c i a l  impact of scat terometer  da ta .  

Approach: a )  Use a 4-dimensional Seasat ana lys i s / fo recas t  system t o  
d e a l i a s  and assimilate SASS winds and generate  sur face  f luxes ;  b )  Evalu- 
a t e  dea l i a s ing  schemes; c )  Compare analyses with and without SASS da ta ;  
d )  U t i l i z e  d a t a  generated from a simulated "nature" model t o  assess fu- 
t u r e  sca t te rometer  da ta .  

S t a tus :  
t i v e l y  dea l iased .  
f o r e c a s t  system t o  produce g loba l  gridded f i e l d s  of su r face  wind, wind 
stress and s e n s i b l e  and l a t e n t  heat  f l uxes  a t  6 hour i n t e r v a l s  from 0000 
GMT 7 Ju ly  t o  0000 GMT 10 October 1978. Both t h e  dea l iased  winds and the  
gridded f i e l d s  have been made a v a i l a b l e  t o  the  oceanographic community and 
are cu r ren t ly  being used by inves t iga to r s  i n  the  United S t a t e s ,  Canada and 
Europe. 

The complete 96-days of Seasat sca t te rometer  d a t a  has been objec- 
This da t a  has been ass imi la ted  using t h e  GLA ana lys i s /  

A d e t a i l e d  eva lua t ion  of dea l iased  SASS winds was performed i n  order  
t o  assess the  uncer ta in ty  i n  t h e  se l ec t ed  wind d i r e c t i o n s .  To t h i s  end, 
266,769 comparisons were made between sub jec t ive ly  dea l iased  winds and 
t h e  GLA ob jec t ive ly  dea l iased  winds. Of these ,  t h e  chosen d i r e c t i o n s  
agreed i n  73% of t h e  cases. A r eg iona l  breakdown of t h e  agreement between 
these  f i e l d s  showed l i t t l e  d i f f e rence  between t h e  At l an t i c ,  Ind ian  and Pa- 
c i f i c  Oceans. However, s i g n i f i c a n t  v a r i a t i o n s  between d i f f e r e n t  l a t i t u d e  
bands were observed. The bes t  agreements were found i n  t h e  Southern Hem- 
i sphere  t r o p i c s .  The lowest agreement occurred i n  high l a t i t u d e s  of t he  
Southern Hemisphere. The g loba l  r e s u l t s  were also evaluated i n  terms of 
speed and d i r e c t i o n a l  d i f fe rences .  13% of the  sub jec t ive  and GLA objec- 
t i v e  winds were found t o  d i f f e r  by more t h a n  60°.  But t h e  v a s t  major i ty  
of these  were a t  r e l a t i v e l y  low wind speeds. 
by more than  60" and had speeds g rea t e r  t han  10 m sec"l. 

Only 3% of t h e  winds d i f f e r e d  

Time-averages of the  g loba l  gridded f i e l d s  are cu r ren t ly  being compared 
wi th  e x i s t i n g  cl imatologies .  
is  a l s o  being assessed. 

The e f f e c t  of SASS d a t a  on the  gridded analyses  
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EXTRACTION OF GLOBAL WIND, WAVE, AND CURRENT 
FIELDS FROM SPACEBORNE SYNTHETIC APERTURE RADAR 

Robert C. Beal 
The Johns Hopkins University 
Appl ied Physics Laboratory 

Laurel , Maryland 20707 
(301 ) 953-5009 

Long-Term Interests: Application of spaceborne microwave sen- 
sors to problems in physical oceanography, with emphasis on the 
energy exchange mechanisms at the air-sea boundary, i.e., the 
partitioning of surface stress into waves , turbulence, and drift 
currents. 

Ob'ectives 8- l  irectiona wavenumber spectrum of both the surface wind and the 
surface wave field. Investigate the relationship of each to the 
other via development of wind-wave generation models and the use 
of coincident satellite and aircraft estimates. 

Determine the potential of SAR for measuring the 

A roach: Using digitally processed SIR-B (SAR) wave imagery -9- co eeted coincidentally with NASA P-3 wave measurements , assess 
the potential of SAR for estimating the global ocean wave direc- 
tional energy spectrum. Apply the results to refine models of 
hurricane development and infer variability of the global cur- 
rent field. Extract statistical properties of extreme waves, 
and determine the influence of strong currents on their genera- 
tion. 

Status: Analysis and interpretation of the SIR-B Extreme Waves 
Exper'iment conducted off the coast of Chile is proceeding. We 
have five days of simultaneous aircraft and spacecraft estimates 
of the surface wave field, with sea states ranging from 1.5 to 
5 m, and waves in various stages of development. Analysis is 
concentrating on comparisons of directional spectra measured or 
predicted by way of four independent methods. We are finding 
subtle differences in the transfer function of each technique, 
but, in general , good agreement in sea states above 2 m. How- 
ever, the global wave model estimates exhibit a systematic angu- 
lar bias of about 30'. 

tempt to reconcile the inferred wave sources with major events 
shown on the meteorological analyses and on NOAA-7 and GOES 
imagery. 

Upon completion of the spectral comparisons, we will at- 



STUDY OF THE MESOSCALE STRUCTURE OF FRONTS OVER THE OCEAN 
USING THE SEASAT A SATELLITE SCATTEROMETER 

Principal Investigator: Dr. R. A. Brown 
Department of Atmospheric Sciences AK-40 
University of Washington 
Seattle, Washington 98195 
Phone : (206) 543-8438 

Long Term Interests: Our long term interests are in obtaining 
satellite derived geophysical parameters such as stress, wind, and 
temperature fields on meso- to synoptic scales. We will then use 
this data to produce basic fields for surface winds, geostrophic 
winds, surface pressure and temperature. These fundamental data 
will be used in our ongoing research into the nature of air-sea 
interaction (heat and momentum flux) on the mesoscale and larger. 

Objectives: This project is an investigation of the mesoscale 
structure of midlatitude fronts using the Seasat A Satellite 
Scatterometer (SASS) data. We are analysing North Pacific fronts 
viewed by Seasat, collecting all ancillary data. Since we are 
involved in the Storm Transfer and Response Experiment (STREX) and 
interacting with groups using SMMR results, these relevant data 
are being used in our study. The understanding of the dynamics of 
fronts will enable the improvement of parameterizations in the large 
areas around fronts where traditional models often fail and fluxes 
can be very large. We will be able to evaluate SASS performance in 
the rare cases of very high winds. 

Approach: Our approach is to develop an appropriate semi-objective 
analysis scheme that uses SASS as well as all other available infor- 
mation, The results will be checked against known flow patterns 
around fronts and cyclones from STREX and other such data to 
evaluate wind algorithms in regions of high winds and strong 
variation in boundary layer stratification. The results are 
simultaneously incorporated in a PBL model so that the value in 
forecasting capability and large scale flux parameterizations is 
evaluated. 

Current Status: The semi-objective analysis scheme has been com- 
pleted and was presented in a paper by G. Levy at the AMS Air-Sea 
confkrence in Miami, Jan. 1986. It will appear in JGR this year. 
Comparisons with SMMR data revealed mesoscale details. The PBL 
model was used to produce surface pressure fields comparable to 
NWS fields. This was also presented in Miami by Brown and will 
appear in MWR. Our present investigation is centered on vorticity 
and divergence behavior across a front. 
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ANALYSES OF THE WIND-DRIVEN RESPONSE OF TROPICAL OCEANS 

Antonio J. B u s a l a c c h i  
Oceans and Ice Branch, Labora to ry  f o r  Oceans 

NASA Goddard Space F l i g h t  Cen te r  
G r e e n b e l t ,  Maryland 20771 

(301) 344-9502 

Lonq-Term I n t e r e s t s :  The long- te rm i n t e r e s t  of t h i s  
research t a s k  is  t o  s t u d y  t h e  upper-ocean response  t o  
surface wind s t ress  estimates from t r o p i c a l  oceans.  Model- 
l i n g  s t u d i e s  are used t o  i d e n t i f y  r e g i o n s  of impor t an t  
v a r i a b i l i t y  i n  t h e  wind f i e l d ,  a n a l y z e  t h e  a s s o c i a t e d  
o c e a n i c  response ,  and demonstrate t h e  a p p l i c a b i l i t y  O E  
r emote ly  sensed  v e c t o r  wind s t ress  d a t a .  

O b j e c t i v e s :  The pr imary  o b j e c t i v e s  t o  t h e  p r e s e n t  research 
are t o  s t u d y  t h e  wind-dr iven  v a r i a b i l i t y  of t h e  t r o p i c a l  
P a c i f i c  and A t l a n t i c  Oceans. Major t h r u s t s  i n c l u d e  deter- 
mining how t h e  i n t e r a n n u a l  s o l u t i o n  r e l a t e s  t o  t h e  s e a s o n a l  
response ,  i n v e s t i g a t i n g  c u r r e n t  c apab i l i t i e s  t o  model t h e  
v a r i a b i l i t y  of t h e  subsurface t h e r m a l  s t ruc ture  g i v e n  rea- 
s o n a b l e  estimates of t h e  s u r f a c e  wind stress,  and a s s e s s i n g  
t h e  impact of NSCAT winds on t r o p i c a l  ocean model l ing .  

Approach: A combina t ion  of ocean models ,  v a r i o u s  s u r f a c e  
wind a n a l y s e s ,  and i n - s i t u  ocean data  are invoked t o  c a r r y  
o u t  t h i s  r e sea rch .  The i n c o r p o r a t i o n  of s e v e r a l  contempora- 
n e o u s  w i n d  p r o d u c t s  h e l p s t o i d e n t i f y t h e  r a n g e  of e r r o r  i n  
p r e s e n t  data  used as  f o r c i n g  f u n c t i o n s .  The i n - s i t u  d a t a  
s e r v e  t o  e s t ab l i sh  t h e  o b s e r v e d  scales of v a r i a b i l i t y .  
Q u a n t i t a t i v e  estimates of agreement  between s i m i l a r  data/model  
pa rame te r s  are performed.. I n  r e g i o n s  of s i g n i f i c a n t  agreement  
t h e  model r e su l t s  are used t o  i n f e r  and d i agnose  t h e  obse rved  
scales of v a r i a b i l i t y . .  

S ta tus :  Among t h e  e f f o r t s  of t h e  p a s t  y e a r ,  a multi-mode 
l i n e a r  model of t h e  t r o p i c a l  P a c i f i c  has  been forced by 
sh ip-board  estimates of t h e  surface wind f i e l d  f o r  1979- 
1983.. Subsequent  computa t ions  w i l l  be d r i v e n  by estimates 
of t h e  surface wind f i e l d  d e r i v e d  from c loud  motion v e c t o r s  
f o r  t h e  same per iod .  I n  c o n j u n c t i o n  w i t h  t h i s  m o d e l l i n g  
e f f o r t  XBT p r o f i l e s  from t h e  Noumea-Scripps S h i p  of Opportu- 
n i t y  Program a r e  be ing  processed a t  t h e  ORSTOM c e n t e r  i n  
Noumea. Both  model and o b s e r v a t i o n a l  d e p i c t i o n s  of t h e  upper 
ocean the rma l  f i e l d  are be ing  a n a l y z e d  a l o n g  t h e  major s h i p  
tracks i n  t h e  wes tern ,  c e n t r a l ,  and e a s t e r n  t r o p i c a l  Pacific.  
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ROLE OF SATELLITE MEASUREMENTS IN THE 
ESTIMATION OF PRIMARY PRODUCTION IN THE OCEANS 

Dr. Janet W. Campbell 
Bigelow Laboratory for Ocean Sciences 
West Boothbay Harbor, Maine 04575 

(207) 633-5723 

Long-term interests of the investigator. Development 
of algorithms for estimating phytoplankton biomass 
and primary production on regional, basin or global 
oceanic scales, and for studying processes that 
govern biological systems in the oceans. Implicit is 
the need for a variety of platforms to address 
processes in widely varying time and space domains. 

Objective of this specific research task. To 
characterize the undersamplinq error involved in 
estimates of areal annual primary production derived 
from ship measurements, and to consider whether that 
error may be reduced using satellite imagery. 

Approach utilized for this task. Three questions are 
being addressed: (1) What is the variance/covariance 
in integral primary productivity over space and time? 
( 2 )  What fraction of that variance can be accounted 
for/modeled using surface chlorophyll, and other 
information available to the remote-sensing data 
analyst? ( 3 )  How can algorithms minimize bias 
resulting from non-random sampling of space and time? 
In collaboration with Jay O'Reilly of the National 
Marine Fisheries Service, we are attempting to answer 
these questions for the Northwest Atlantic 
Continental Shelf using the MARMAP/Ocean Pulse data. 

Status and progress. Taken as a whole, the MARMAP 
integral productivity data appear approximately 
uniformly distributed over time and space, agj are 
lopnormally distributed with mean of 0.91 55 m 
dll and a standard deviation of 0.67 gC m 
d e  Surf ace chlorophyll and integral 
productivity are uncorrelated. However, the ratios 
of integral productivity to surface chlorophyll show 
a seasonal pattern with the highest values occurring 
in the summer. This suggests that photosynthetically 
available radiation must also be included in any 
model relating productivity to biomass abundance. A 
paper is being written based on results presented at 
the AGU/ASLO Ocean Sciences Meeting in January, 1986 
( - EOS 66(51) :1267) . 
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Mark A. Cane, Lamont-Doherty Geological Observatory 
Palisades, New York 10964 

(914) 359-2900 

Long-Term Interests relevant to this project are: (i) to develop 
the ability to calculate the wind-driven circulation of ,the upper 
layers of the tropical oceans; (ii) to understand the interaciion 
of the tropical oceans and atmosphere. 

Objectives of this Research Task. (1) To understand how errors 
in the specified wind stress propagate through model calculations 
into errors in oceanographic quantities such as sea level. (2) 
To construct a relatively simple coupled ocean-atmosphere model 
capable of simulating the El Nino-Southern Oscillation (ENSO) 
cycle, while specifying as little as possible. 

Approach, 
models. The ENSO model is a perturbation model, with a specified 
mean state. 

We use a mix of analytic procedures and numerical 

Current Status. 
mathematical analysis needed to obtain the transfer functions 
from wind to sea level errors in the context of linear adiabatic 
physics. The analysis uses the results of Cane and Sarachik 
(1981) together with ray tracing techniques. Estimates of wind 
errors based on differences of products from FSU, NMC, and FNOC 
were then used to estimate errors in calculated sea level, 

water model of Cane and Patton (1984) with a simple mixed layer 
to allow explicit prediction of sea surface temperature (SST). 
The resulting model has been successful in reproducing the 
observed SST anomalies of the 1982/1983 event and those of the 
Rasmusson and Carpenter (1982) composite event. The model 
results show that horizontal advection is often important so that 
modeling SST as a simple function of local thermocline 
displacement is inadequate. In the next stage of this work the 
ocean model was coupled with an improved version of the 
atmospheric response model of Zebiak (1982). The coupled model 
has successfully simulated the major features of the ENSO cycle. 
Results suggest that interannual variability of the ENSO cycle is 
created and maintained by deterministic interactions in the 
tropical Pacific region, Mean conditions, including the annual 
cycle, largely determine the spatial pattern and temporal 
evolution of ENSO events. 

events. 
forced by historical winds as analyzed at FSU. Forecasts made 
retrospectively from all the non-El Wino years since 1970 show 
that the model is generally able to predict both El Nino events 
and non-events 1 and 2 years ahead. 

In the wind error study we have completed the 

In the ENSO study, we have augmented the linear shallow 

Most recently the same model has been used to forecast ENSO 
Initial conditions are created by running the model 
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DEVELOPMENT OF IN-SITU SENSORS TO COMPLEMENT 
OCEAN COLOR REMOTE SENSING 

Dr. K. L. Carder 
Department of Marine Science 
University of South Florida 
St. Petersburg, FL 33701 

813-893-9130 

Long Term Interests: We are developing ocean color constituent 
algorithms and micro processor-controlled & situ optical instrumenta- 
tion for deployment on buoys in order to improve the interpretation of 
satellite-derived ocean color signals. 

Objectives: The objective of our current research is to develop a 
high spectral resolution solid-state instrument to measure radiance 
reflectance, beam transmission, chlorophyll fluorescence and near- 
forward/back scattering. Algorithms to deduce chlorophyll pigments, 
gelbstoff, and detritus concentrations from these data are also being 
developed. 

Approach: We are developing a solid-state in situ prototype spectral 
transmissometer, upwelling radiometer and downwelling irradiometer for 
buoy deployment. A field-portable, 256-channel spectral radiometer 
is being used aboard ships and low-flying helicopters to develop a 
remote sensing reflectance model for deriving the concentrations of 
ocean color constituents and to help with interpreting 'I& situ" 
spectral radiometry data. 

Current Status: The optical and electronic components of the spectral 
transmissometer and spectral upwelling radiometer have been success- 
fully integrated, and the downwelling irradiometer integration is 
under way. A machine-language, CMOS micro-processor (80C85) has been 
programmed and integrated to control the operation and data storage 
and retrieval aspects of the instrument. A magnetic bubble memory 
data storage module is now being installed, and initial field sampling 
will start early this summer in the Gulf of Mexico. 

A remote sensing reflectance model for Case I and Case I1 waters has 
been developed and tested in the Gulf of Mexico, Tampa Bay, the 
Georgia Bight, and the Straits of Juan de Fuca. It simulated the 
optical effects of chlorophyll-like pigments, gelbstoff, detritus, and 
a colloidal ferric precipitate indigenous to the Puget Sound/Straits 
of Juan de Fuca region. Fluorescence quantum efficiencies have been 
calculated from field reflectance data which appear to detect 
phytoplankton populations stressed due to nutrient limitation/photo- 
inhibition. 

Bibliography: See attached 
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IMAGING RADAR STUDIES OF SEA ICE 

Dr. F. D. Carsey 
Mail Stop 169-236 

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-8163; FTS 792-8163 

Lonq-Term Interests: Benjamin Holt, John Crawford and 
I arenterested in developing applications of active 
microwave remote sensing to conduct research on science 
and operational problems of the polar oceans. 

Objective of this Task: The objective of this task is 
to improve fheinterpretation of active microwave re- 
mote sensing data, especially imaging radar, for sea 
ice. The focus is on the observation of ice motion and 
type, the geophysical interpretation of the results and 
the development of methods of rapid analysis, preparing 
for data from future spaceborne imaging radars. 

The approach is to examine the Seasat data 
%f?%?iata from SIR-B, Landsat, other satellites, in- 
strumented airacraft and other platforms, notably 
buoys. The types of analysis in use are: 

1) Tracking of ice floe features on sequential images 
to determine fine-scale ice motion. 2 )  Examination of 
ice motion data for divergence and vorticity with em- 
phasis on the motion of ice generally near the ice edge 
to develop suitable means of describing the motion 
field. 3) Development of means of automatically ex- 
tracting the ice motion from pairs of radar images us- 
ing optimized image-analysis techniques. 4 )  Comparis- 
on with surface data and aircraft data sets as avail- 
able, principally from field work such as from Freezeup 
or the Swedish Bothnian Ice Study. 

Current Status: This new task, the successor to 
nActive-Passive Microwave Analysis of the Seasonal Cy- 
cle of the Polar Oceans", is devoted to preparation for 
the flight of SIR-C and of imaging radar satellites in- 
cluding those to be flown by ESA, Japan and Canada in 
the early 1990s and whose data will be received and 
processed at Fairbanks, Alaska. 

- 
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ARCTIC SEA I C E  STUDIES WITH PASSIVE MICROWAVE 
SATELLITE OBSERVATIONS 

Dr .  D. J. Cava l i e r i ,  Code 671 
NASA Goddard Space F l i g h t  Center 

Greenbelt, MD 20771 
( 301 ) 344-0444 FTS 344-0444 

Long-Term I n t e r e s t s :  The long  range goals a re  t o  improve t h e  
c a p a b i l i t y  f o r  making large-scale sea i c e  measurements from 
passive microwave space observat ions and t o  u t i 1  i z e  these 
measurements i n  oceanic processes studies.  

Object ives:  The focus o f  t h i s  research i s  on t h e  s tudy o f  new 
i c e  produc t ion  and t h e  associated a i r -sea- ice  i n t e r a c t i o n s  i n  
the  A r c t i c  us ing passive microwave s a t e l l i t e  observat ions.  
Two pr imary ob jec t i ves  are  (1 )  t o  r e f i n e  e x i s t i n g  sea i c e  
a lgor i thms f o r  t h e  purpose o f  mapping regions o f  new i c e  pro- 
duc t i on  i n  t h e  c e n t r a l  A r c t i c  and i n  seasonal sea i c e  zones, 
and (2 )  t o  s tudy t h e  r o l e  o f  A r c t i c  sea i c e  and 
dense water p roduc t ion  along t h e  Alaskan and S ibe r ian  cont in -  
en ta l  she1 f regions, 

polynyas i n  

Approach: Coordinated surface, a i r c r a f t  and s a t e l l i t e  passive 
microwave observat ions made du r ing  t h e  Ber ing  Sea Marginal 
I c e  Zone Experiment (MIZEX-WEST) w i  11 be u t i  1 i zed t o  develop 
a c a p a b i l i t y  t o  map regions o f  new i c e  product ion.  I n  p a r t i c -  
u la r ,  microwave p o l a r i z a t i o n  a t  18 and 37 GHz from t h e  Nimbus 
SMMR and a t  85 GHz from t h e  upcoming DMSP SSMI  w i l l  be u t i l -  
i zed  t o  d i sc r im ina te  between open water and new ice.  I n  t h e  
study o f  A r c t i c  polynyas, sea i c e  data from t h e  SMMR as we l l  
as weather s t a t i o n  data w i l l  be used t o  c a l c u l a t e  heat and 
s a l t  f l uxes  and i c e  product ion ra tes  f o r  t h e  w i n t e r  months o f  
1978 through 1982. 

Status:  A comparative ana lys is  o f  SMMR data w i th  a r c r a f t  and 
s u r f a c e  observat ions made du r ing  t h e  Ber ing Sea experiment 
conf i rms t h a t  t h e  p o l a r i z a t i o n  a t  37 GHz maps t h e  arge-scale 
d i s t r i b u t i o n  o f  open water and t h i n  ice.  Work i s  con t inu ing  
on t h e  q u a n t i t a t i v e  determinat ion o f  a t h i n  i c e  d i s t r i b u t i o n  
i n  t h e  Ber ing Sea. Monthly SMtlR 37 GHz p o l a r i z a t i o n  var iance 
maps f o r  t he  e n t i r e  A r c t i c  reg ion du r ing  t h e  f o u r  w in te r  
per iods analyzed are  used t o  i d e n t i f y  s i t e s  o f  p e r s i s t e n t  
coasta l  polynyas . 
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RELAYS: Real-Time L i n k  and A c q u i s i t i o n  Yare System 

Robert R. P. Chase 
Woods Hole Oceanographic I n s t i t u t i o n  

Woods Hole, Massachusetts 02543 
(617)  548-1400, Ext.  2759 

Our i n t e r e s t s  i n c l u d e  o b t a i n i n g  a more complete under- 
stand i ng of meso- t o  I arge-sca I e I ow frequency ocean c i  kcu I a t  ion; 
techno I og i c a  I I y they i nc I ude exp I o i  t i ng e x i s t i n g  s ta te -o f - the-ar t  
technology t o  c rea te  t h e  necessary t o o l s  t o  do so. 
opmental a c t i v i t i e s  a re  cons is ten t  w i t h  and form an i n t e g r a l  p a r t  
of an oceanic observ ing system concept which we have been pur- 
su ing f o r  severa l  years. 

These devel -  

The ob j e c t i  ves are  t o  o b t a i n  s t a t i s t i c a  I I y r e  I iab I e maps of 
var ious  phys ica l  p r o p e r t i e s  of t h e  ocean. The r e q u i s i t e  data 
should p r o v i d e  a new f i r s t - o r d e r  k inemat ica l  d e s c r i p t i o n  from 
which we expect t o  d e r i v e  a more complete dynamical understanding 
of t h e  l inkages between smal l  and la rge  sca les  as w e l l  as t h e  
frequency dependence o f  temporal ly-averaged c u r r e n t  f i e l d s .  

Our approach t o  o b t a i n i n g  t h e  des i red subsurface h o r i z o n t a l  
s e c t  ions r e  I i es  upon deve I o p i  ng a r e  I a t i  ve I y I ow cost, genera I 
purpose r e l a y  system capable o f  reaching i n t o  t h e  i n t e r i o r  of t h e  
ocean and t e  I emeter i ng data from var ious  depths, v i  a a sa te  I I i t e -  
based data c o l l e c t i o n  and l o c a t i o n  system (DCLS), t o  shoreside 
f a c i l i t i e s .  Th is  new system permi ts  data a c q u i s i t i o n  over  a much 
broader depth range, w i t h  more d i  v e r s i f i e d  sensors, and w i t h  a 
nominal one-year I i fet ime. M a j o r  innovat ions  i n c l u d e  p r o v i d i n g  
measurements from two underwater observa t iona l  systems, extending 
a t o t a l  systems communicator p ro toco l ,  and t ransmiss ion of a l l  
underwater systems data v i a  s a t e l l i t e .  Our i n i t i a l  c o n f i g u r a t i o n  
acquires temperature, pressure, and v e l o c i t y  f i e l d s ,  t h e  c u r r e n t  
v e l o c i t y  being obtained from acoust ic  s i g n a l  ing f l o a t  observa- 
t i o n s  and d i f f e r e n t i a l  l o c a t i o n  o f  t h e  r e l a y  system w i t h  s a t e l -  
I i t e  Dopp I e r  DCLS records. 
on-board c u r r e n t  sensors, supp I y i ng r e  I a t  i ve c u r r e n t  v e  I oc i t i es 
for f i e l d  c a l i b r a t i n g  t h e  Lagrangian response o f  t h e  d r i f t e r ,  
funding l i m i t a t i o n s  have prevented us from c a r r y i n g  t h e  designs 
beyond t h e  pro to type stage. 

A I though we had p I anned t o  imp 1 ement 

P r e s e n t l y  we have completed both t h e  systems and d e t a i l e d  
engineer ing designs; c o n s t r u c t i o n  and f i e l d  t e s t i n g  of p ro to type 
systems, each c o n s i s t i n g  o f  decoupled sur face f l o a t  ( w i t h  con- 
t r o l  I er, DCLS t r a n s m i t t e r ,  and power supp I y), subsurface e I ect ro-  
mechanical cable, and acoust ic  rece iver ,  has been completed. The 
three-buoy pro to type RELAYS system i s  c u r r e n t l y  being used i n  t h e  
NSF-sponsored Pre-Subduction Experiment (J. Pr ice,  P r i n c i p a l  
I n v e s t i g a t o r ) .  
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FACILITIES FOR OCEANOGRAPHIC REMOTE SENSING APPLICATION 

Robert  R.P. Chase 
Woods Hole Oceanographic I n s t i t u t i o n  

Woods Hole, Massachusetts 02543 
(617) 548-1400, Ext..2759 

Many quest ions r e  I a t i  ng t o  meso- and I arge-sca I e oeean 
c i r c u l a t i o n  might  b e t t e r  be addressed w i t h  an observ ing  system, 
c l o s e l y  a k i n  t o  t h a t  which i s  ava i  l a b l e  t o  t h e  meteoro log ica l  
community. A I ong term i n t e r e s t  i nc I udes deve I op i ng a comp I e t e  
ocean observ ing  system ( u t i l i z i n g  remote sensing, Eu le r ian ,  and 
Lagrangian measurements) which c o u l d  be used t o  ga in a more 
comp I e t e  descr i p t  ion  and understand i ng of I arge-sca I e, I ow- 
frequency ocean dynamics. 

F a c i l i t i e s  p rov ided under t h i s  con t rac t  form an i n t e g r a l  
component of an observ ing  system. 
s e l e c t i o n  of  hardware and sof tware capable o f  reducing both 
s a t e l l i t e  and -- i n  s i t u  data, i n t e g r a t i n g  t h e  data i n t o  a fou r  
dimensiona I d isp  I ay of t h e  recovered f i e  I ds, and prov i d i n g  a 
convenient  and powerful  i n t e r a c t i v e  t o o l  f o r  t h e  j o i n t  analyses 
o f  these data. 

They c o n s i s t  of an appropr ia te  

Our approach i nvo I ves se I e c t i  ng a re1  a t i  v e l  y 1 ow cost, 
general purpose, image processing and computat ional  system which 
prov ides  t h e  g rea tes t  f l e x i b i l i t y  f o r  t he  i n d i v i d u a l  researcher, 
for i n t e g r a t i o n  of so f tware  developed a t  o ther  i n s t i t u t i o n s ,  as 
w e l l  as f o r  f u t u r e  growth. Spec ia l i zed  sof tware are created for 
s p e c i f i c  oceanographic experiments i n  which these f a c i l i t i e s  a re  
used for ana lys i s  of both -- i n  s i t u  and remote sensing data. 

sof tware system was se lec ted  ( the  ESL, Inc. V A X / I D I M S ) ,  i n s t a l -  
led, and t h e  Oceanographic s p e c i f i c  sof tware from Scr ipps I n s t i -  
t u t i o n  o f  Oceanography has been implemented. The system i s  now 
being used t o  suppor t  analyses o f  data from t h e  C a l i f o r n i a  Cur- 
rent ,  Agulhas Current, East China Sea and severa l  smal l e r  exper i -  
ments. Numer i c a  I mode I I i ng and tomographic i nve rs ions  are a I so 
being run on the  system. 

Th is  p r o j e c t  was i n i t i a t e d  i n  September 1982. The hardware/ 

Th is  work i s  j o i n t l y  sponsored by t h e  O f f i c e  of Naval 
Researzh and t h e  Nat ional  Aeronaut ics and Space Admin is t ra t ion .  
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TEMPORAL AND SPATIAL VARIABILITY OF SEA SURFACE WINDS 

Dudley Chelton 
College of Oceanography 
Oregon State University 
Corvallis, OR 97331 

(503)754-4017; (503)754-3504 

Long-Term Interests: To utilize satellite measurements for the 
study of large-scale low frequency variability of the ocean 
through statistical and numerical models. 
winds and sea level. However, sea surface temperature (SST), 
water vapor and atmospheric liquid water are also of interest. 

Primary emphasis is on 

Obiectives: One of the objectives is to evaluate the usefulness 
of passive microwave measurements from the NIMBUS-7 SMMR and, 
after correcting calibration drifts and biases, use measurements 
during 1982 and 1983 to study the development of El Ni6o in the 
tropical Pacific. 
scatterometer data to study the wind field over the global ocean. 

The second objective is to utilize Seasat 

Amroach: The approach for determining the usefulness of the SMMR 
data has been to examine the brightness temperatures measured as 
a function of frequency, incidence angle and time and identify 
calibration drifts and cross-scan biases. These problems have 
been removed to develop internally consistent data sets which can 
now be used to construct monthly average fields of SST, wind 
speed, water vapor and atmospheric liquid water. The approach 
for analysis of scatterometer data is to generate spatial and 
temporal averaged wind fields from the vector winds and compute 
wavenumber spectra and space and time lagged correlations and 
EOFs . 
Current Status: The SMMR brightness temperatures have been exam- 
ined and several calibration and bias problems have been identi- 
fied and corrected. We are now investigating several algorithms 
for retrieval of geophysical signals from the brightness tempera- 
tures. 
wind speed, water vapor and liquid water will be generated for 
the 1982-3 El NiGo period. 

In the scatterometer study, global monthly average fields of a 
number of wind parameters have been generated. 
fields are being analyzed to identify features poorly resolved in 
conventional wind data. Present efforts are also devoted to a 
detailed examination of the spatial and temporal variability of 
the near surface wind field over the Southern Ocean. 

During this fiscal year, monthly average maps of SST, 

These global 



ANALYSIS  OF AVHRR, CZCS AND HISTORICAL I N  SITU 
CHLOROPHYLL DATA OFF THE OREGON COAST 

Dudley Chelton, Ted S t r u b  
College of Oceanography 
Oregon S ta t e  University 

Corvall is ,  O r  97331 
(503)754-4017; (503)754-3015; (503)754-3504 

Long-Term In teres t s :  Use of s a t e l l i t e  data t o  investigate 
var iab i l i ty  i n  coastal ocean and eastern boundary current systems, 
and t o  explore the causes of t h i s  var iabi l i ty .  T h i s  s tudy  
concentrates on re la t ions  between f i e l d s  of sea surface temperature 
(SST), phytoplankton pigment concentration and wind s t r e s s  off the 
northwest coast of the U.S.A.,  on seasonal and interannual time 
scales.  

Objectives: 1 )  To characterize the seasonal cycles and interannual 
var iab i l i ty  i n  SST and pigment concentration off the coast of 
Oregon by forming monthly composite f i e l d s  from individual images 
obtained from the NOAA-AVHRR AND NIMBUS-7 CZCS sensors; 2 )  t o  
explore the s t a t i s t i c a l  relationships between these f i e l d s  and 
f i e l d s  of surface wind s t ress .  

Approach: S a t e l l i t e  data from the West Coast S a t e l l i t e  Time Series 
(WCSTS) project a t  J P L  w i l l  be used t o  explore methods of 
compositing the individual pa r t i a l  images in to  monthly mean f i e lds ,  
attempting t o  minimize the influence of daily cloud contamination 
and inaccuracies i n  the atmospheric correction algorithms. 
Historical  c- i n  s i t u  pigment concentration and temperature data from 
t h i s  region w i l l  be used t o  help interpret  t h e  composite images i n  
terms of biological and geophysical variables. Seasonal cycles 
formed from monthly mean f i e lds  fo r  the period 1979-1985 w i l l  be 
subtracted from the f i e l d s  t o  form monthly anomaly f ie lds .  Using 
s t a t i s t i c a l  correlations,  wavenumber spectra and cospectra, and EOF 
analysis,  the seasonal cycles and anomalies of SST and pigment 
concentration w i l l  be compared t o  the  seasonal cycles and anomalies 
of meteorological forcing, available current and sea level  data. 
An attempt w i l l  be made t o  identify dynamical processes responsible 
for  the patterns revealed i n  the  analysis. 

Current Status:  
begun. Historical  surface pigment concentration and temperature 
data from t h i s  geographic region have been obtained fo r  
spring-summer, 1980-85, and a re  being examined. Other anci l lary 
data s e t s  a r e  being obtained. Analysis of s a t e l l i t e  imagery is 
expected t o  commence i n  J u l y  1986, when the image processing system 
becomes operational. 

The project is new and the analysis has j u s t  
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SPECTRAL STUDIES OF MARINE PHYTOPLANKTON 

Dr. Donald J. Collins 
m/s 183-301 

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-3473; FTS 792-3473 

Long-Term Interests: The long-term goal of this pro- 
gram is the use of remote sensing for the determination 
of the productivity of the oceans, and to understand 
the relationships between the physics and the biology 
of the upper mixed layer. Included in the study are the 
relationships between chlorophyll abundances, the dis- 
tribution of sea-surface temperature and phytoplankton 
productivity. 

Ob'ectives: The objective of this research is to 

productivity of the ocean. This research includes 
spectral studies of the fluorescence, absorption and 
scattering of marine phytoplankton, including investi- 
gations of taxonomic and photoadaptation effects and 
primary production required to interpret remotely 
sensed data obtained from the phytoplankton community 
in the ocean. 

+I---- eve op techniques fo r  the remote assessment of the 

A roach: The approach is a continuation of work by + Kie er and Mitchell (1983) to explore simple mathemati- 
tal relationships between the near-surface concentra- 
tion of chlorophyll a and other pigments and the pri- 
mary productivity of tEe upper mixed layer. These re- 
lationships will be used for the prediction of phyto- 
plankton productivity through the remote sensing of the 
visible and infrared spectra of the ocean. These algo- 
rithms will include the description of the photoadap- 
tive state and of the taxonomic composition of the phy- 
toplankton population through the relationships between 
photosynthesis and the spectral characteristics of the 
phytoplankton. We will test the ability of these algo- 
rithms to predict primary production through the use of 
remote sensing and field samples. 

Status: A collaborative effort with D. Kiefer and J. 
SooHoo to examine the relationship between photosyn- 
thesis and the spectral characteristics of phytoplank- 
ton cultures has led to the identification of pho- 
toadaptive characteristics of marine phytoplankton. An 
algorithm is under development for the assessment of 
the productivity of the ocean using visible wavelength 
data from the Coastal Zone Color Scanner (CZCS) and 
sea-surface temperature data from the Advanced Very 
High Resolution Radiometer (AVHRR). 
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MULTISPECTRAL MICROWAVE SIGNATURES OF SEA I C E  AND 
ICE/OCEAN PROCESSES STUDIES 

J. C. Comiso 
Oceans and I c e  Branch, Code 671 
NASA/Goddard Space F1 i g h t  Center 

Greenbelt, MD 20771 
(301) 344-9135 

Long-term I n t e r e s t :  An opt imal u t i l i z a t i o n  o f  s a t e l l i t e  mult ichan- 
i n  t h e  c h a r a c t e r i z a t i o n  o f  t h e  sea i c e  cover and 

an improved understanding o f  ice/ocean/atmosphere processes. 

Object ives:  ( 
i c e  parameters 
d a i  l y l w e e k l y  i 

1) To develop o r  improve techniques f o r  d e r i v i n g  sea 
, from m u l t i s p e c t r a l  microwave radiances, ( 2 )  t o  c rea te  
ce cover data set  from 8-years o f  SMMR data, and ( 3 )  t o  

analyze and eval uate seasonal and in terannual  v a r i a b i l  i t i e s  o f  t h e  
i c e  cover and understand how i c e  i n t e r a c t s  w i t h  t h e  oceans and t h e  
atmosphere. 

Approach: O r b i t a l  b r igh tness  temperatures from each SMMR channel 
a re  mapped t o  a common p o l a r  g r i d  f o r  comparison and eva lua t ion  o f  
t h e  u t i l i t y  o f  each o f  t h e  channels i n  d e r i v i n g  geophysical para- 
meters. Physical  temperatures der ived from THIR are a lso  mapped 
t o  t h e  same g r i d  and used i n  combination w i t h  SMMR radiances t o  
study s p a t i a l  and temporal v a r i a b i l i t i e s  o f  i c e  e m i s s i v i t i e s .  
S t a t i s t i c a l  and c l u s t e r  ana lys is  o f  mult ichannel  e m i s s i v i t i e s  are 
implemented and r e s u l t s  are i n t e r p r e t e d  w i t h  t h e  a i d  o f  i n - s i t u  
measurements and r a d i a t i v e  t r a n s f e r  model r e s u l t s .  I c e  a lgor i thms 
are devel oped us ing boots t rap  techniques and consistency checks 
i n v o l v i n g  known s p a t i a l  and temporal c h a r a c t e r i s t i c s  o f  t h e  i c e  
cover. Gridded i c e  data are derived, compiled, and analyzed 
t o  study leads and polynyas, t h e  marginal i c e  zone, and growth and 
decay c h a r a c t e r i s t i c s  of t h e  i c e  cover. 

Status:  A comprehensive study o f  t h e  s p a t i a l  v a r i a b i l i t y  o f  w i n t e r  
i c e  e m i s s i v i t i e s  has been completed and a new technique f o r  d e r i v i n g  
sea i c e  concentrat ion has been developed. An i c e  a l g o r i t h m  f o r  t h e  
southern hemiphere has a lso  been developed i n  conjunct ion w i t h  
i n - s i t u  data and i n  c o l l a b o r a t i o n  w i t h  Neal S i i l l i van.  Also, t h e  
microwave r a d i a t i v e  c h a r a c t e r i s t i c s  o f  f i r s t  year sea i c e  grown 
from a tank have been s tud ied  a t  10, 18, 37, and 90 GHz i n  c o l -  
l a b o r a t i o n  w i t h  Tom Grenfe l l .  A paper on o f f s h o r e  polynyas and 
oceanographic e f f e c t s ,  w i t h  H.J. Z w a l l y ,  and A.L. Gordon, has been 
published, wh i le  another paper w i t h  A.L. Gordon on deep ocean 
polynyas over t h e  Maud Rise and t h e  Cosmonaut Sea i s  i n  prepa- 
ra t ion .  About four years o f  d a i l y  SMYR p o l a r  maps have been gene- 
ra ted  and ana lys is  o f  t h e  l o n g  term i c e  data has been i n i t i a t e d .  

- 
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OBJECTIVE EDGE DETECTION I N  SST FIELDS 
AND A SURVEY OF OPEN OCEAN PAIRED VORTICES 

Peter Corni l lon  
Graduate School of Oceanography 

University of Rhode I s l and  
Narragansett ,  R I  02882 

401 -792-6283 

Long-Term I n t e r e s t s  are a better understanding of  phys i ca l  
oceanographic phenomena a t  the mesoscale through the use  of 
s a t e l l i t e - d e r i v e d  data. The p a r t i c u l a r  phenomena of i n t e r e s t  are: 
large scale c u r r e n t s ,  eddy dynamics and air-sea in t e rac t ion .  

Objectives:  ( a >  t h e  development of a bet ter  edge de tec t ion  
algorithm f o r  the l o c a t i o n  of  f r o n t s  i n  sea su r face  temperature 
(SST) data. ( b )  a survey of la rge-sca le  open ocean vor tex  p a i r s  
t o  answer ques t ions  related t o  the i r  size, motion, r e l a t i v e  
s t r e n g t h ,  o r i g i n ,  e tc .  

Approach: ( a )  t he  a p p l i c a b i l i t y  of a lgor i thms based on t h e  
d e t e c t i o n  of r e f l e c t i o n  hor izons  i n  seismology t o  the  de t ec t ion  of 
SST f r o n t s  w i l l  be inves t iga ted .  This  technique, based on the 
Kalman f i l t e r ,  is a t t r a c t i v e  because it a p p l i e s  t o  time-varying or 
t ime-invariant f r o n t  models, and t o  nons t a t  ionary or s t a t i o n a r y  
no i se  processes.  Furthermore, by us ing  each scan l i n e  i n  t he  
s a t e l l i t e  data as a s i n g l e  channel of a multi-channel series, a 
multi-channel ve r s ion  of t h e  Kalman f i l t e r  f r o n t a l  d e t e c t o r  would 
use s t a t i s t i c a l l y  r e l e v a n t  data a c r o s s  as  w e l l  as along a f r o n t .  
(b) A l l  a v a i l a b l e  AVHRR da ta  f o r  1982 through 1985 w i l l  be scanned 
a t  low r e s o l u t i o n  for the  ex i s t ence  o f  pa i red  vo r t i ce s .  
I d e n t i f i e d  p a i r s  w i l l  then be s tud ied  i n  de t a i l  w i th  f u l l  
r e s o l u t i o n  AVHRR data as w e l l  as i n  s i t u  data where a v a i l a b l e .  

S t a tus :  The p r o j e c t  b e g h  on March 1 ,  1985; hence, l i t t l e  
progress  has been made t o  date. Work has begun on s i n g l e  channel 
v e r s i o n s  of the Kalman f i l t e r  edge d e t e c t o r  and the low r e s o l u t i o n  
AVHRR data is being remapped t o  a p ro jec t ion  convenient f o r  the  
survey seeking pa i red  vo r t i ce s .  



Development of a Self-contained Acoustic Current Profiler 

Russ E. Davis 
Scripps Institution of Oceanography 

Ocean Research Division, A-030 
La Joila, CA 92093 

(619) 452-4415 

Long-Term Interests: The investigator’s long-term interests are development of 
tools for understanding upper-ocean dynamics, particularly aspects involving 
atmospheric forcing. Present areas of focus are mixed layer response to  wind 
forcing, upwelling, and upper ocean fronts. 

Objectives: The program objective is t o  develop a self-contained current profiler 
using the Doppler shift of acoustic scattering to  measure velocity. The technical 
challenges are (1) producing acoustic beams which are narrow enough that the 
profiler can be used from moorings, (2) reducing system power, making long-term 
deployments feasible, and (3) recording the data  volume obtained by measuring 
a t  many depths. 

Approach: System development is subcontracted to  RD Instruments which has 
experience in bottom-mounted and shipboard acoustic profilers. RDI has reduced 
the  acoustic transducer slidelobes by optimizing the impedance loading around 
the perimeter of the solid disk transducer to  achieve shading of the amplitude in 
the radial direction and to  suppress radial mode vibrations of thee transducer. 
Software has been developed t o  correct da t a  for pitch and roll caused by mooring 
motion. A low power tape recorder has been incorporated which allows up to  60 
megabytes of da t a  to  be recorded from a 50 watt-hour battery pack. The proto- 
type instrument has been deployed in a mooring with 8 conventional vector- 
measuring current meters. This da t a  is presently being analyzed. 

Status: Ken Prada  of Woods Hole Oceanographic Institution is persuing further 
development of a low-powered, high capacity data  storage system. The ultimate 
goal is a system which appears to the d a t a  souorce as.an IBM personal computer, 
thereby utilizing a defacto industry standard for da t a  storage. This development 
effort is apparently yet in its infancy. 
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COMPARISON OF SATELLITE AND AIRCRAFT OBSERVATIONS 

J, A. E l r o d  
Oceans and I c e  Rranch 
Laboratory f o r  Oceans 

NASA/GSFC 
301-344-9503 

Long-term I n t e r e s t s :  
oceanographic research i n  t h e  areas o f  ocean dynamics, produc- 
t i v i t y ,  and g loba l  biogeochemical cyc les.  

The a p p l i c a t i o n  o f  remote sensing t o o l s  t o  

Object ives:  
Zone Color  
L i d a r  (AOL) 

To undertake a comprehensive comparison o f  Coastal 
Scanner (CZCS) parameters w i t h  A i  rborne Oceanographic 

parameters, s p e c i f i c a l l y  CZCS pigment and water 
radiances w i t h  AOL ch lo rophy l l  f luorescence and water Raman 
spectra. The comparison should determine i f  AOL data  can con- 
t r i b u t e  t o  CZCS a lgo r i t hm development, e s p e c i a l l y  i n  Case 2 
waters. 

Approach: 
and which are  c loud- f ree  over t h e  f l i g h t  t r a c k  are processed t o  
l e v e l  2, app ly ing  Rayleigh and aerosol co r rec t i ons  t o  t h r e e  
radiance channels and determin ing pigment concentrat ions.  
CZCS parameters a r e  then ex t rac ted  from under t h e  AOL f l i g h t  
t r a c k  and compared t o  t h e  AOL data us ing  var ious  s t a t i s t i c s ,  i n  
c o l l a b o r a t i o n  w i t h  F. Hoge and R. S w i f t  o f  Wallops F l i g h t  
Faci  1 i t y  . 

CZCS scenes f o r  days on which AOL data i s  a v a i l a b l e  

The 

Status:  This i s  a new t a s k  beginning i n  f i s c a l  year  1986. The 
C Z C S a t a  has been assembled and some o f  t h e  AOL data  i s  

t i  a1 comparisons avai  
have 

able. The processing t o  l e v e l  2 and i n  
commenced w i th  data from 1981 and 1982. 
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ASSESSING OCEAN PRODUCTIVITY FROM SATELLITE MEASUREMENTS 

Richard W .  Eppley 
Ins t i t u t e  of Marine Resources 

Scripps Inst i tut ion of Oceanography 
Uni versi t y  of Cal i forni a , San Diego 

La J o l l a ,  California 92093 
[619] 452-2338 

Long-Term Interests .  
physiology of phytoplankton, nutrient consumption and recycling, 
re la t ions between plankton production i n  the upper layer  of the 
ocean and the s i n k i n g  f lux of biogenic material t o  deep water, 
the nitrogen economy of phytoplankton. 

Plankton production i n  the oceans, the 

Specific Task Objectives. Since phytoplankton chlorophyll can 
be assessed u s i n g  the Coastal Zone Color Scanner (CZCS) w i t h  
useful precision we t h e n  ask whether primary production i n  the 
ocean can be estimated from the CZCS chlorophyll data. T h i s  i s  
the objective of this research. 

Approach, 
collected in the past by ships, we compare depth-integrated 
primary production (mg C m-2 day’’) w i t h  near-surface 
chlorophyll-li ke pigments (mg m - 3 )  , determining the proportion- 
a l i t y  between the two. 
examined: the Southern California Bight and the equatorial 
eastern Pacific. 
pigment group information are  used as anci l lary information t o  
define and minimize e r ro r  i n  the primary production estimates 
w i t h i n  regions. 

Using existing data on ocean primary production , 

Two different ocean regions were 

C1 imatological data ,  phytoplankton species and 

Current s ta tus .  We f ind tha t  global ocean primary productivity 
can be better estimated u s i n g  regional mean values of the 
proportionality between production and chlorophyll than a global 
mean value. 
t h a t  w i t h i n  a region, the proportionality between production and 
chlorophyll is related t o  climatological data,  reducing the 
e r ro r  irl estimating production by about one-half. 
eastern tropical Pacific,  variation i n  the production-chlorophyll 
re la t ion depends upon the photo-adaptive s t a t e  of the phyto- 
plankton. Information on turbulence and mixing  of the upper 
layer will  be needed i n  order t o  best estimate productivity from 
chlorophyll data. Collaborators are  Dr. Mark Abbott ( J P L  and 
SIO), and Dr. Robert Owen, Southwest Fisheries Laboratory, NMFS, 
NOAA. 

Data fo r  the Southern California B i g h t  indicate 

In the 
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DEVELOPMENT OF A DELAYED DOUBLE FLASH FLUOROMETER TO 
SIMULTANEOUSLY ESTIMATE PRIMARY PRODUCTIVITY 

AND CHLOROPHYLL I N  AQUATIC SYSTEMS 

Paul  G. Falkowski 
Oceanographic Sciences Divis ion 

Department of Applied Science 
Brookhaven Nat ional  Laboratory 

Upton, NY 11973 
(516) 282-2961 o r  FTS 666-2961 

This i n v e s t i g a t o r ' s  long-term o b j e c t i v e  is t o  develop a n  
understanding of t h e  processes  r egu la t ing  photosynthesis  and t h e  
d i s t r i b u t i o n  of primary producers over con t inen ta l  shelves.  
This  research  is i n t eg ra t ed  i n t o  t h e  o v e r a l l  research  e f f o r t  a t  
BNL to  quant i fy  t h e  con t r ibu t ion  of oceanic  b i o t a  i n  the  biogeo- 
chemical cyc l ing  of ma te r i a l s  and energy across the edge of t he  
con t inen ta l  she l f .  To he lp  achleve these  ob jec t ives ,  we have 
developed moored xenon f l a s h  f luorometers  t o  measure i n  vivo 
f luorescence of chlorophyl l  a i n  marine a lgae ,  thereby providing 
a b a s i s  f o r  es t imat ing  biomags. 
c e s s f u l l y  deployed and recovered i n  t h e  Mid-Atlantic Bight 
dur ing  1984 as p a r t  of a DOE-funded program (SEEP). 

-- 
These fluorometers were suc- 

This  s p e c i f i c  research  t a s k  explores t h e  f e a s i b i l i t y  of 
developing a xenon f l a s h  fluorometer which would s imultaneously 
estimate ongoing photosynthet ic  rates as w e l l  as phytoplankton 
biomass i n  t h e  ocean. I n  pursuing t h i s  ob jec t ive ,  b a s i c  
experiments were designed t o  test gene ra l  p r i n c i p l e s  which 
desc r ibe  t h e  func t iona l  r e l a t i o n s h i p  between photosynthesis  and 
f l u o  res cence . 

The p ro jec t  i s  based upon a "pump and probe" tekhnique, 
where t h e  change i n  the  f luorescence y i e ld  of a weak probe 
f l a s h ,  following a s a t u r a t i n g  e x c i t a t i o n  f l a s h ,  r e f l e c t s  t h e  
e l e c t r o n  flow around photosystem 11. The technique is poten- 
t i a l l y  app l i cab le  t o  moored f luorometers  o r  t o  a i rbo rne  
f luorosensors .  

We have designed and cons t ruc ted  a microprocessor con- 

i s  a bench top vers ion  which is used f o r  l abora to ry  experi- 
ments. In  FY 1987 we p lan  t o  cons t ruc t  a submersible instrument 
which w i l l  be compatible with a CTD d a t a  a c q u i s i t i o n  system for 
use  a t  sea. The submersible ve r s ion  w i l l  be f i e l d  t e s t e d  i n  
sp r ing  1987 and used i n  t h e  second SEEP f i e l d  program i n  1988. 

k 

t r o l l e d  pump and probe fluorometer.  The prototype fluorometer 6 
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APPLICATIONS OF OCEAN COLOR IMAGERY I N  THE STUDY 

OF OCEclNIC PROCESSES AND THEIR BIOLOGICAL RESPONSE 

Gene Car l  Feldman 
M W G o d d a r d  Space F l i g h t  Center 

Code 636 
Greenbel t Nary1 and 20771 

( 30 1 1 344-9428 

L o w  Term I n t e r e s t s :  To demonstrate haw s a t e l l i t e  ocean c o l o r  
observat ions can be used t o  b e t t e r  understand the r e l a t i o n s h i p  
between the phys ica l  and b i o l o g i c a l  processes i n  the ocean. 

SDec i f i c  O b j e c t i v e :  To use s a t e l l i t e  ocean c o l o r  da ta  t o  
q u a n t i f y  the large-scale v a r i a b i l i t y  i n  phytoplankton 
d i s t r i b u t i o n ,  abundance and p r o d u c t i v i t y  i n  the equa to r ia l  P a c i f i c  
Ocean and t o  r e l a t e  t h i s  v a r i a b i l i t y  t o  the p a t t e r n s  o f  
c i r c u l a t i o n  and large-scale energy exchange o f  the reg ion.  

ADproach: S a t e l l i t e  ocean c o l o r  and sea sur face temperature 
da ta  w i  11 be c m b i n e d  w i t h  sur face obseruat ions  (phys i ca l ,  
chemical, b i o l o g i c a l ,  meteoro log ica l )  t o  address a number o f  
s p e c i f i c  t o p i c s  i nc lud ing :  
1- Expand the e x i s t i n g  eastern equa to r ia l  P a c i f i c  da ta  s e t  t o  

b e t t e r  q u a n t i f y  the in terannual  v a r i a b i l i t y  o f  the reg ion  and 
t o  document the a f f e c t s  o f  the 1982-83 E l  Nino. 
f o r  the h i g h l y  p roduc t i ve  reg ions  a long the western coast o f  
South &er i ca ,  in te rannua l  v a r i a b i l i t y  i n  reg iona l  
p r o d u c t i v i t y  appears t o  be d r i ven  p r i m a r i l y  by changes i n  the 
s i ze  04 the produc t ive  area r a t h e r  than by the i n t e n s i t y  o f  
p roduc t ion  w i t h i n  the area i t s e l f .  
a) what processes r e g u l a t e  the s i z e  o f  the produc t ive  h a b i t a t ?  
b) how can we best use s a t e l l i t e  ocean color data  t o  r e f i n e  

2- 

our es t imates  o f  reg iona l  p r imary  p r o d u c t i v i t y ?  
3- Use ocean c o l o r  imagery t o  understand and q u a n t i f y  the 

in f luence of i s l ands  and i s l a n d  groups on oceanic 
p r o d u c t i v i t y .  
I n  p a r t i c u l a r ,  can the  d i s t r i b u t i o n s  and abundances o f  
phytoplankton around the Galapagos I s l a n d s  be used as an 
i n d i c a t o r  o f  e q u a t o r i a l  c i r c u l a t i o n  pa t te rns?  

4- Use ocean c o l o r  da ta  t o  improve our understanding o f  the 
s t r u c t u r e  and the dynamics o f  the Equator ia l  F ron t ,  

I n  a d d i t i o n  t o  the research program descr ibed above, I am d i r e c t l y  
i nvo l ved  i n  the p roduc t i on  of the Global Ocean Basin Ch lorophy l l  
Data S e t  a t  Goddard Space F l i g h t  Center. 
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SCATTEEOMETRY S'IUDIES 

Michael E. F r e i l i c h  
J e t  Propulsion Laboratory, 169-236 

4800 Oak Grove Drive 
Pasadena. CA 91109 

(818) 354-6965; FTS 792-6965 

Long-Term I n t e r e s t s  : To develop dynamically-based models r e l a t i n g  
backsca t te r  cross-sect ion a s  measured by microwave scat terometers  
t o  geophysical q u a n t i t i e s  such as near-surface wind ve loc i ty  and 
wind s t r e s s .  To use s a t e l l i t e  scat terometer  data t o  study wind 
forc ing  of the  ocean on small and medium sca les .  
SDecific Objectives:  (1) Yodel the in t e rac t ions  between cen- 
t ime t r i c  ocean waves and both the wind and the long wave f i e l d  
(co l labora t ion  with G.T. Csanady of Woods Hole). (2) Calcula t ion  
of the 2-d wavenumber spectrum of surface winds on sca l e s  from 
200-2200 km, using the  SASS unambiguous vec tor  wind data s e t s  
(co l labora t ion  with D. B. Chelton of Oregon S t a t e ) .  (3) Examina- 
t i o n  of sampling e r r o r s  inherent  i n  s a t e l l i t e  scat terometer  data 
(with Chelton) . 
Amroach: (1) A r e a l i s t i c  model f o r  d i r e c t  momentum and energy 
input from winds t o  sho r t  waves i s  being developed (Csanady) based 
on recent  labora tory  measurements of v o r t i c i t y  and water ve loc i ty  
under growing and decaying wind waves. Spec i f ic  emphasis i s  
placed on the  d e t a i l e d  water  motion i n  the boundary layer  near the 
c r e s t s  of s t eep  wavelets.  (2) The study of wavenumber spec t ra  of 
winds was extended t o  t en  regions,  covering por t ions  of a l l  of the  
global oceans. 1-d s p e c t r a l  shapes were s i m i l a r  t o  those calcu- 
l a t e d  e a r l i e r  f o r  the P a c i f i c  alone. (3) Simulations,  using rea l -  
i s t i c  sca t terometer  o r b i t s ,  measurement swaths, and time-varying 
winds. were used t o  determine the magnitudes of random e r r o r s  i n  
spa t ia l l tempora l  averaged winds a s  a func t ion  of geographical lo- 
ca t ions ,  averaging a r e a s  and times, and sca t t e romt te r  individual  
measurement e r ro r s .  
S ta tus :  (1) A paper on (water) s epa ra t ion  bubble c h a r a c t e r i s t i c s  
under the  inf luence of wind shear  sp ikes  has been submitted f o r  
publica t i o n  (Csanady) . (2) A paper descr ibing the wavenumber 
r e s u l t s  i n  the  P a c i f i c  w i l l  appear in the  4/86 issue of JEO. Glo- 
b a l  r e s u l t s  a r e  being prepared f o r  publ ica t ion .  ( 3 )  An extensive 
s imulat ion study shows s u b s t a n t i a l  e r r o r s  due t o  sampling f o r  tem- 
poral  averages of l e s s  than t e n  days. These e r r o r s  a r e  not s igni-  
f i c a n t l y  increased by add i t ion  of even s p a t i a l l y  co r re l a t ed  scat-  
terometer e r ro r s .  Ambiguity removal s k i l l  p lays  a n  important 
ro l e ,  however. 
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MASS, HEAT, AND FRESHWATER FLUXES IN TBE OCEAN 

Dr .  Lee-Lueng Fu 
J e t  Propulsion Laboratory, 169-236 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-8167; FTS 792-8167 

Lonn-Term I n t e r e s t s :  The long-term objec t ives  of t h i s  pro jec t  a r e  
t o  es t imate  the f luxes  of mass, heat ,  f reshwater  and o ther  water 
p rope r t i e s  i n  the ocean through synthes is  of a v a r i e t y  of observa- 
t ions.  These f luxes  bear  important r e l a t i o n s h i p s  t o  the  global  
c l imat ic ,  hydrological  , and b io log ica l  cycles .  

Objectives:  Near-term objec t ive  i s  to  est imate  the meridional 
mass, hea t ,  and freshwater  f luxes  i n  the  South Indian Ocean using 
e x i s t i n g  hydrographic sec t ions .  

Aooroach: The general  approach i s  inverse modeling based on re- 
quirements of property conservat ion and the knowledge of wind 
f oicing . 
Sta tus :  The r e s u l t s  of the study have been descr ibed i n  Fu 
(1986). A b r i e f  summary is  given here .  I n  the i n t e r i o r  of the  
South Indian Ocean, the geostrophic flow i s  genera l ly  northward. 
A t  18OS, the  northward i n t e r i o r  mass f l u x  is balanced by the  
southward Ekman mass f l u x  a t  the surface,  whereas a t  32OS the  
northward i n t e r i o r  mass f l u x  i s  balanced by the southward mass 
f l a x  of the Agulhas Current. The Indian Ocean i s  expofling hea t  
t o  the r e s t  28 the world's  oceans a t  a r a t e  of 0.7 x 10 W a t  180s 
and 0.3 x 10 W at 32OS. This  hea t  f l u x  is dominated by i t s  baro- 
t rop ic  component. There i s  a convergence of f reshwater  f l u x  i n  
the  area between 1805 and 32OS, bu t  the  magnitudes of the f l u x  a r e  
much l e s s  than e x i s t i n g  hydrological  es t imates .  
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OCEAN CIRCULATION FROM SATELLITE ALTIMETRY 

Dr .  Lee-Lueng Fu 
J e t  Propuls ion Laboratory, 169-236 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-8167; PTS 792-8167 

Lona-Term I n t e r e s t s :  My long-term i n t e r e s t s  wi th  t h i s  p ro jec t  a r e  
t o  explore the u t i l i t y  of s a t e l l i t e  a l t i m e t r y  f o r  s t u d i e s  of the 
general  c i r c u l a t i o n  and v a r i a b i l i t y  of the oceans. The r a p i d  and 
g loba l  coverage of s a t e l l i t e  a l t i m e t r y  makes i t  poss ib le  to  study 
basin-wide c i r c u l a t i o n  p a t t e r n s  which cannot be adequately ob- 
served by conventional techniques. 

Obiectives:  Near-term ob jec t ives  a r e  (1) t o  study the temporal 
v a r i a b i l i t i e s  of ocean cu r ren t  using da ta  from Seasat,  Geos-3, and 
poss ib ly  Geosatr and (2) t o  i n v e s t i g a t e  the na ture  of e r r o r s  of 
a l t i m e t r i c  measurement and t o  develop methods t o  c o r r e c t  them. 

ADDroach: (1) A l t i m e t r i c  crossover d i f f e rences  (d i f f e rences  
between measurements made a t  the ground t r a c k  i n t e r s e c t i o n s )  a r e  
used to  cons t ruc t  s p a t i a l  a r r ays  of time s e r i e s  of sea l e v e l  var i -  
a t ions .  The procedure involves least-squares.optimization f o r  
both e r r o r  reduct ion  and time s e r i e s  es t imat ion .  (2) O r b i t  er- 
rors, the  dominant errors i n  a1 time t r i c  measurementr a r e  modeled 
i n  terms of Four i e r  s e r i e s  wi th  i t s  c o e f f i c i e n t s  determined by a 
lea  s t-squar e s me thod . 
Status:  (1) The 3.5 years  of near ly  continuous a l t i m e t e r  data 
from the Geos-3 mission have been used t o  study the seasonal and 
in te rannual  v a r i a b i l i t i e s  of the Gulf Stream. The r e s u l t s  indi- 
c a t e  a dominant seasonal v a r i a b i l i t y  with the s t ronges t  sur face  
cu r ren t  i n  l a t e  win ter  and t h e  weakest sur face  cur ren t  i n  l a t e  
f a l l ,  c o n s i s t e n t  with l imi t ed  in - s i tu  measurements. (2) The sys- 
tem of equations f o r  the Four ie r  Coef f i c i en t s  of the modeled o r b i t  
e r r o r  has been shown to  be s ingular .  The c h a r a c t e r i s t i c s  of t he  
s i n g u l a r i t i e s  and the treatment f o r  them a r e  discussed i n  a paper 
by Tai and Fu (1986). The developed procedure w i l l  be appl ied  t o  
the  newly reprocessed Seasa t  Geophysical Data Records t o  make glo- 
b a l  c o r r e c t i o n s  f o r  o r b i t  e r r o r s .  
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A Multi-Sensor Remote Sensing Approach 
for Measuring Primary Production from Space 

Dr. Catherine Gautier 
Scripps Institute of Oceanography, University of California, San Diego 

California Space Institute, A-021 
(619) 452-4936 

The long-term interest is the development of methods to assess primary 
production for the global ocean. The Coastal Zone Color Scanner images 
which have been processed to date demonstrate a real potential for obtain- 
ing truly global information on phytoplankton biomass in the future with 
the proposed Ocean Color Imager. In order to improve our understand- 
ing of global primary production, robust algorithms must be developed for 
determining primary production from ocean color. 

We propose to develop a multi-sensor remote sensing approach for com- 
puting primary production from space. This approach is based on our exist- 
ing capability to measurefrom space-the prime environmental factors that 
regulate photosynthesis. The factors are the instantaneous shortwave radia- 
tion, the radiation experienced by the phytoplankton in the recent past and 
nitrogen availability. Shortwave radiation is obtained from VISSR sensors on 
the GOES satellites for major portions of the globe. Nitrate concentrations 
can be determined in many parts of the ocean from sea-surface temperature 
and nitrate regressions; sea-surface temperature is measured by AVHRR. We 
will begin with an empirical, multi-variate, correlational approach, and then 
progress to a semi-empirical approach, based on measuring phytoplankton 
biomass, shortwave radiation and sea-surface temperature. 

The proposed multi-sensor approach should improve our estimates of 
primary production and its variability in response to climatic changes. It is a 
very important step toward a truly global assessment of primary production. 

This work is in collaboration with Dr. M.J. Perry (University of Wash- 
ington). 

This project has only recently begun. 
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A Summer Ice/Ocean Microwave Remote S e n s i n g  and 
Mesoscale Modeling Experiment  fo r  Mizex/Eas t '84  

RTOP #161 40 01 

P e r  Gloe r sen  and E r i k  M o l l o - C h r i s t e n s e n  
Oceans and Ice Branch,  Laboratory fo r  Oceans,  NASA GSFC 

Long-Term I n t e r e s t s :  T o  u t i l i z e  microwave r a d i o m e t r i c  
and radar data  o b t a i n e d  from spacecraft and a i r b o r n e  
i n s t r u m e n t s  f o r  s t u d y i n g  t h e  r o l e  of air-sea-ice 
i n t e r a c t i o n s  i n  hemispheric  weather and climate, for 
detai led s t u d i e s  of p o l a r  lows, and t o  deve lop  t h e  
p o t e n t i a l  of enhanced wea the r  maps w i t h  t h e  use of 
Nimbus-7 SMMR microwave r a d i a n c e s .  

O b j e c t i v e s :  1) Analyze m u l t i s p e c t r a l  microwave r a d i a n c e  
d a t a  acqurGed by a i r b o r n e  radiometers i n  combinat ion 
w i t h  s i m u l t a n e o u s  and similar da ta  a c q u i r e d  from 
spacecraft and s u r f a c e  o b s e r v a t i o n s  t o  u n d e r s t a n d  better 
t h e  p h y s i c a l  ocean / i ce / a tmosphe re  i n t e r a c t i o n s  o c c u r r i n g  
i n  t h e  m a r g i n a l  i ce  zone  ( M I Z ) .  2 )  Improve t h e  
a l g o r i t h m  f o r  o b t a i n i n g  sea ice c o n c e n t r a t i o n  and age  
from such  data. 

Approach: Proceed w i t h  t h e  a n a l y s i s  of t h e  data set  
a c q u i r e d  d u r i n g  M I Z E X  '84, 

C u r r e n t  S t a t u s :  The pas t  year h a s  been s p e n t  p r e p a r i n g  
t h e  NASA CV-990  and Nimbus-7 SMhlR data  sets i n t o  formats 
s u i t a b l e  f o r  d e t a i l e d  da ta  a n a l y s i s .  T o  t h i s  end ,  a 
F l i g h t  R e p o r t  b a s  been i s s u e d  which l ists  d e t a i l e d  
f l i g h t  i n f o r m a t i o n  on each of t h e  seven  microwave mosaic 
f l i g h t s  d u r i n g  M I Z E X ' 8 4 .  Color-scale images have been 
g e n e r a t e d  f o r  both t h e  19.35 G H z  (A/C ESMR) and t h e  92 
G H z  (AMhjS)  imager s ;  these were des igned  f o r  u s e  i n  
s e v e r a l  pape r s  t h a t  are c u r r e n t l y  b e i n g  w r i t t e n  by 
v a r i o u s  M I Z E X  sub-groups,  e.g.  t h e  'eddy pape r s ' ,  t b e  
'morphology papers ' , and t h e  ' ice p h y s i c s  p a p e r s  ' . 
T h e r e  are a t  p r e s e n t  e i g h t  papers a c t i v e l y  be ing  
assembled f o r  t h e  special  J G R  i s s u e  on M I Z E X .  S t r o n g  
d i f f e r e n c e s  i n  t h e  s i g n a t u r e s  of t h e  m u l t i y e a r  sea ice 
( d u r i n g  f r e e z i n g  c o n d i t i o n s )  were n o t e d  when comparing 
t h e  AMMS and ESMR mosaics. I n  fac t ,  i n  t h e  AMMS images, 
i t  was n o t  p o s s i b l e  t o  d i s t i n g u i s h  mul t iyea r  ice from 
open water. The 18 and 37 G H z  a i r b o r n e  microwave (AMMR) 
data  have been processed u s i n g  t h e  SMMR sea ice 
a l g o r i t h m  t o  produce  s t r i p  c h a r t s  of t o t a l  and m u l t i y e a r  
sea ice c o n c e n t r a t i o n s  a l o n g  t h e  a i rc raf t  tracks. B o t h  
f r e e z i n g  and m e l t i n g  c o n d i t i o n s  were encountered .  
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AN INVESTIGATION OF THE UTILITY OF OCEAN COLOR IMAGERY 
FOR DELINEATION OF OCEANIC PROCESSES I N  THE 

WESTERN NORTH ATLANTIC 

pri.nci.aa4 I n  v e s t i a a f q :  Dr. Howard R. Gordon, Department o f  
Physics, U n i v e r s i t y  o f  Miami, Cora l  Gables, Fla. 33124 
Telephone:[3051 284-2323 

Ca-Prrinciaa 5 Inu fiS%j.aatPcs : Dr. Ot is  B. Brown and Dr. Robert H. 
Evans, D i v i s i o n  o f  Meteorology and Phys ica l  Oceanography, 
Rosensti e l  School o f  Mari ne and Atmospheric Sci  ence IRSMASl , 
Uni v e r s i  t y  o f  M i  ami, 4600 R i  ckenbacker Causeway, M i  ami , Fla. 33149 
Telephone: (3051 361-401 8 

j&g,~ h r r m  In teres l t :  To understand t h e  c o l o r  o f  t h e  ocean and i t s  
v a r i a b i l i t y  [ i n  space and t ime1 as observed by t h e  Nimbus-7 
Coastal  Zone Color Scanner [CZCSI, i n  r e l a t i o n  t o  p h y s i c a l  and 
b i  o l o g i  ca 1 processes. 

S a e c t f i  rj Inueslt i a a t i a q  Bp- i .ect i u e q  : [a1 study t h e  seasonal 
v a r i a b i  li t y  o f  t h e  phytoplankton pigment concentrat ion;  [ b l  
at tempt t o  compute t h e  n e t  sources o f  phytoplankton pigments from 
observet ions o f  c o l o r  and thermal imagery on successive days; and 
[ e l  d e r i v e  a t ime s e r i e s  o f  h i g h  r e s o l u t i o n  thermal maps. 

AaDraact): The t e s t  area chosen t o  c a r r y  o u t  the  study i s  t h e  
Middle A t l a n t i c  B ight ,  a reg ion  o f  in tense study i n  1982 and 1985 
by v i r t u e  o f  t h e  Warm Core Rings Experiment [WCREI and t h e  BIOWATT 
experiment. WCRE and BIOWATT i n v e s t i g a t i o n s  y i e l d  t h e  anci  l l a r y  
sur face deta [sur face current ,  sur face pigments, thermal 
s t ruc tu re ,  etc.1 needed f o r  comparison w i t h  CZCS imagery. These 
data w i l l  be u s e f u l  i n  t e s t i n g  t h e  sa te l l i te -based techniques, 
which can then be extended t o  o ther  t i m e  per iods  and locat ions.  

Sfatuq: To assemble seasonal t ime ser ies,  severa l  problems have 
had t o  be overcome. These i n c l u d e  development o f  a good sensor 
c a l i b r a t i o n  h i s t o r y ,  i n c o r p o r a t i o n  o f  more complex phys ics i n  t h e  
atmospheric c o r r e c t i o n  procedures, and o f  course, a c q u i s i t i o n  o f  
t h e  deta i n  question. S u f f i c i e n t  progress has been made on these 
problems t o  produce a t ime s e r i e s  o f  temperature and phytoplankton 
f o r  t h e  WCRE study area cover ing t h e  p e r i o d  14 Apri 1 t o  8 May 
1982. T h i s  s e r i e s  c l e a r l y  de l ineates  the  seasonal warming and t h e  
"spr ing bloom," revea l ing  comparable f l o w e r i n g  i n  t h e  S h e l f  and 
Slope waters. 
longer i n t e r v a l  a r e  underway. 
produced which permi ts  seasonal s t u d i  e6 of s lowly  vary ing  
phenomena, e.g., western boundary cur ren t  separat ion l a t i  tude, E l  
Nino, seasonal warming, etc. T h i s  t ime s e r i e s  was t h e  b a s i s  o f  
t h e  SST sequences used i n  t h e  "Planet Earth" t e l e v i s i o n  series. 

Attempts t o  genera l i ze  t h i s  s h o r t  t ime s e r i e s  t o  a 
A thermal t ime s e r i e s  has been 
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RADAR SCATTERING FROM THE OCEAN SURFACE: A 
VAR I AT1 ONAL APPROACH 

Ernest P. Gray and Joseph F. Bird 
The Johns Hopkins University 

Applied Physics Laboratory 
Laurel , Maryland 20707 

(301 ) 953-6252 and (301 1 953-6236 

Long Term Interests :  To uti1 ize recently developed variational methods 
fo r  ob ta in ing  a greater understanditig of radar scat ter ing from the ocean 
surface and for improving the determination o f  oceanographic parameters 
from radar measurements from s a t e l l i t e s .  The results of t h i s  program 
will eventually lead t o  an improved method fo r  determining the charac- 
t e r i s t i c s  of the ocean wave f i e ld  and of the ocean surface wind f i e ld  
through radar scatterometry. 

Specific Objectives: 
scattering of an electromaqnetic plane wave by a sinusoidal surface. (2) 

(1) To use the variational method for finding the 
. .  

By employjng stochastic concepts t o  a spectrum of such sinusoids, the 
results of these calculations will be applied t o  the scattering from the 
actual ocean surface. (3) To interpret data of radar scattering from 
s a t e l l i t e s  u t i l i z i n g  these methods. 

Approach: The approach t o  a l l  these calculations is by way of a stochas- 
t i c  variational method previously developed a t  APL and tested on a vari-  
e ty  of scattering problems. In this method, a t r i a l  function is chosen 
as a f irst  approximation t o  the scattered f i e l d  where a judicious choice 
for the tr ial  function is important. 

Current Status:  A paper en t i t l ed  "Wave Scattering by a Sinusoidal Sur- 
tace: A V ar iat ional  Approach" by E.P. Gray and J.F. Bird has been accept- 
ed f o r  presentation a t  the URSI Symposium Commission B i n  Philadelphia, 
Pennsylvania, June 9-13, 1986. A paper entitled "A Variational Approach 
t o  Scattering from the Ocean Surface: A Sinusoidal Model" by E.P.  Gray 
and J.F. Bird has been accepted for presentation a t  the URSI Commission F 
Open Symposium i n  Durham, New Hampshire, July 28-August 1 ,  1986. A paper 
en t i t l ed  "Variational Solution for Wave Scattering by a Sinusoidal Reflec- 
t ion  Grating" by J.F. Bird and E.P. Gray is  i n  preparation and will be 
submitted for pub1 ication shortly. These papers document our variational 
solution for scat ter ing from a sinusoidal surface. We are currently a t -  
tempting t o  extend these solutions t o  the case of several sinusoids. In 
add i t ion ,  one paper by J.F. Bird (supported i n  par t  by grant #NAGW-574) 
has been publ ished i n  JOSA A ,  and another such paper has been accepted 
by JOSA A. 
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MICROWAVE EMISSION FROM POLAR SURFACES 

Thomas C.  Grenfell 
Department of Atmospheric Sciences AK-40 
University of Washington, Seattle WA 98195 

(206) 543-9411 

Lonp Term Interests: To determine how multifrequency microwave 
remote sensing imagery can be used most effectively to investi- 
gate the large scale structure of sea ice and its environment. 
Important parameters amenable to this method are sea ice extent, 
concentration, ice type distribution, and weather effects which 
influence the surface structure of the ice pack. 

Obiectives: 
emission from ice and snow surfaces and the controlling physical 
properties in order to determine how well passive microwave 
imagery can distinguish among sea ice types and surface condi- 
tions throughout the year in different parts of the Arctic Basin. 

To determine the relationships between microwave 

Amroach: 
frequencies from 6 . 7  to 90 GHz together with concurrent determi- 
nations of the important physical properties of the upper layers 
of the ice and snow. Recently derived theoretical models are 
used to calculate emissivities for comparison with our observa- 
tions. 
observations to see how well multisensor comparisons can enhance 
the information retrieval. 

We make surface based measurements of emissivity at 

These efforts are being combined with concurrent radar 

Current Status: Our principal experimental activity during the 
past year was the second stage of the CRREL ice tank experiment 
from January to March 1985. 
cycle of sea ice from formation, to thick cold ice, through to 
warmup and the transition to multiyear ice. 
simulated pressure ridge whose signature was intermediate between 
cold first-year and multiyear ice. 
presented at the IGARSS symposium in October. 

remote sensing group in order to define the passive microwave 
signatures of spring and summer ice and to compare and correlate 
our results with radar data. We have found, for example, that 
the emissivities may reveal significant information about local 
weather conditions via the properties of the surface layers of 
the ice or snow. In cooperation with European coworkers, we 
proposed and are developing an all season 90 GHz algorithm for 
ice concentration based on polarization which will exploit the 
high spatial resolution of the highest frequency channel of the 
DMSP SSM/I. This work is sponsored jointly with the Office of 
Naval Research under the contract N00014-81-K-0460. 

We studied in detail the growth 

We also observed a 

Preliminary results were 

Since mid-1984, we have been working closely with the MIZEX 
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Ocean Modeling and Data Analysis  S tud ie s  

D.E. Harrison 
NOAAIPMEL 
7600 Sand Po in t  Way N.E. 
Seattle, WA 981 15 
(206 )526&6225 

Long term i n t e r e s t s  cen te r  around understanding t h e  phys ica l  
processes  t h a t  dtermine the low frequency ocean general  c i r cu la -  
t i o n  and its coupl ing with the atmosphere, and i n  l ea rn ing  how t o  
model t h e  behavior of t h e  ocean and the atmosphere on these 
scales. Knowing the  boundary condi t ions  a t  the  air-sea i n t e r f a c e  
is e s s e n t i a l ,  and a secondary i n t e r e s t  is i n  improving our  
knowledge of these s u r f a c e  f luxes  of  momentum and energy through 
the  use  of conventional data, remotely sensed data and models. 

Specific o b j e c t i v e s  of r ecen t  work and approach used have 
included: ( i )  developing and using ocean models appropr ia te  for 
s tudying both how the ocean and atmosphere j o i n t l y  determine sea 
s u r f a c e  temperature changes i n  the t r o p i c s ,  and how s t r o n g  cu r ren t  
systems l i k e  the  Gulf Stream c r e a t e  r e c i r c u l a t i o n  zones; ( i i)  
eva lua t ion  of wind stress, wind stress c u r l  and su r face  wind 
convergence f e i l d s  over  t he  ocean from conventional and remotely 
stressed data. (iii) examination of the wind v a r i a b i l i t y  i n  the  
t r o p i c a l  Pacific from long time series of i s l a n d  observat ions.  

Current  s t a t u s  of work is that:  ( i )  one paper, on the  
r e l a t i o n s h i p  between the monthly mean wind v a r i a b i l i t y ,  has 
appeared i n  Monthly Weather Review ( i i )  another  paper, on f a c t o r s  
a f f e c t i n g  our  a b i l i t y  t o  model the deep genera l  c i r c u l a t i o n  of t h e  
ocean wi th  s imple models has appeared i n  the  Jou rna l  of 
Geophysical Research (iii) another  m s ,  on the v e r t i c a l  and 
hor izonta l  s t r u c t u r e  of  monthly mean wind v a r i a b i l i t y  i n  the 
t r o p i c a l  Ind ian  and Pacific oceans has been submitted f o r  
publ ica t ion  ( i v )  three mss on the v a r i a b l i l t y  of t r o p i c a l  Pacific 
i s l and  winds are  i n  preparat ion.  ( v )  modeling s t u d i e s  of  SST 
evolu t ion  dur ing  the  1982-83 E l  Nino event ,  us ing  d i f f e r e n t  
imposed wind stress f i e lds  t o  force t h e  model, are underway. 

Foundation and the  Nat ional  Ocean and Atmospheric Administration. 
Other support  is received from the Nat ional  Science 
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SEASAT ALTIMETER REPROCESSING TASK 

Jeffrey E, Hilland 
Jet Propulsion Laboratory 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-4787, FTS 792-4787 

Long-Term Interests: To provide geophysical data to researchers 
for the study of oceanic phenomena. 
of geophysical data from satellite-borne sensors by developing 
systematic techniques for updating high demand data sets. 

To engage in the development 

Objectives: The primary objective of this task is to reprocess 
the Seasat Altimeter (ALT) data. Implementation of advanced geo- 
physical algorithms will result in a more accurate data set. 
Algorithms implemented in this task were inherited from the Seasat 
project and provided by scientists conducting pertinent research. 

Approach: The ALT data are being reprocessed to produce a new, 
updated geophysical data record (GDK86). The principle goal is to 
use a more accurate ephemeris developed at Goddard Space Flight 
Center(GSFC) to improve the radial height and sea surface eleva- 
tion. This new ephemeris incorporates Seasat ALT data and Doppler 
tracking data and replaces the Code 900 ephemeris used for the 
production of the original GDR. Deficiencies in the backscatter 
coefficient can be eliminated by inverting the GDR backscatter 
values and processing the resultant AGC through a linear back- 
scatter retrieval algorithm. In addition, a new model function 
will more accurately portray wind speed. Furthermore, better 
temporal distribution of the SMMR wet troposhere correction will 
be achieved. 

Current Status: The GSFC ephemeris spanning the entire Seasat 
mission has been acquired and processed to produce a validation 
data set. The new wind speed model function has been implemented 
as have corrections to the backscatter coefficient and ionosphere 
pathlength correction. 
for analysis, 
netic tape and made accessible by the NASA Ocean Data System. 

A validation data set has been produced 
Upon completion GDR86 will be distributed on mag- 
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OCEANIC REMOTE SENSING L I B M Y  

Jeffrey E. Hilland 
Jet Propulsion Laboratory 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-4787, FTS 792-4787 

Long-Term Interests: 
periodicals, and atlases dedicated to oceanography and ocean re- 
mote sensing. Specifically, internal reports, the so-called "gray 
literature," form the core collection. To enable investigators to 
locate and receive documents related to their research interests 
by providing a reliable and consistent source. 

To provide a special collection of books, 

Objectives: To collect current publications and provide access to 
relevant documents through a physical collection and electronic 
search system. To enhance the information collection by adding 
pertinent literature requested by library patrons. 

Approach: To provide access to oceanic remote sensing documents 
the ORSL librarian acquires, organizes, and distributes major sci- 
entific journals. In addition, DMSP, TOPEX, NSCAT, and PODS reports 
have been a focus of document acquisition. The ORSL uses the 
Library of Congress classification system. Material distribution 
requests are received by mail, telephone, and the NODS on-line 
bibliography. This interactive system provides abstract search, 
extract, review, and order capabilities for JPL researchers and 
others working at large distances from JPL. Reference citations 
can be reviewed on a computer terminal and ordered from the ORSL 
collection. The librarian compiles the bibliography entries. 

Current Status: The collection of books, atlases, and periodicals 
was expanded in FY85 to meet researchers' requests and to provide 
an up-to-date collection. The percentage increase over the FY84 
collection size was: Books, 7%; Atlases, 5%; Periodicals, 9%. 
Moreover, the bibliography was expanded by 19%, and more than 600 
documents were distributed to researchers. 
to-computer information transfer was initiated, reducing in-house 
development time. 

Electronic computer- 



THE USE OF SATET.LITE-DERIVED CHLOROPHMJI, mELDS I N  
MODELING CARBON FLUX ON THE SOUTHEASTERN U.S. 

CONTINENTAL S E L F  

Eileen E. Hofmann, Co-PI 
Department of Oceanography 
Texas A&M University 
College Station, TX 77843 Center 
(409) 845-3501 

Charles R. McClain, Co -PI 
Oceans and Ice BrancNCode 671 
NASNGoddard Space Flight 

Greenbelt, MD 2077 1 
(301) 344-5377 

Lone-Term Interests relevant to this study are: 1) to develop techniques for 
embedding pigment fields obtained from the Coastal Zone Color Scanner (CZCS) 
in numerical models of physical-biological interactions, 2) to use CZCS data in 
conjunction with numerical models of physical-biological interactions to 
investigate carbon flux on continental shelves. 

Objective$: 1) Use CZCS data as initial conditions, updates and validation for a 
Lagrangian particle model and a physical-biological model of the lower trophic 
level dynamics on the outer southeastern U.S. continental shelf. 2) Use CZCS 
data in conjunction with phytoplankton fields obtained from the lower trophic 
level dynamics model to understand the influence of physical and biological 
factors on the across-shelf flux of carbon resulting from wind- and Gulf 
Stream-induced upwelling on the outer southeastern U.S. continental shelf. 

Approach: To investigate the effect of the Gulf Stream and its associated 
upwelling on biological production along the outer and mid-shelf region of the 
southeastern U.S. continental shelf, two numerical models have been developed 
a Lagrangian particle model, and a ten component coupled physical-biological 
model of the lower trophic level dynamics. These models are based upon data 
obtained during the GABEX I (February - June 1980) and GABEX II (June - 
October 1981) field programs. The pigment fields derived from the CZCS will 
provide initial conditions and subsequent verification for these models. Initially, 
the CZCS data will be interfaced with the Lagrangian particle model, which is the 
simpler of the two models. Numerical experiments performed with this model 
will aid in determing the validity of the physical model. Differences in the 
simulated and actual pigment fields will also indicate the importance of biological 
processes. 

curre nt Status : The available CZCS images for the southeastern U.S. continental 
shelf from the GABEX I and II time periods have been identified, processed and 
received at Texas A&M University. Present effort is focused on interfacing these 
data with the Lagrangian particle model. This work is being done by Mr. J. 
Ishizalra, a graduate student at Texas A&M University, for his Ph.D dissertation 
research. 



APPLICATIONS OF LASER TECHNOLOGY 

Frank E. Hoge 
NASAlGoddard Space F l i g h t  Center,  Wallops P l i g h t  F a c i l i t y  

Wallops I s l a n d ,  VA 23337 
(804)  824-3411 o r  FTS 928-5567 

Long Term I n t e r e s t s :  To demonstrate t h a t  e x i s t i n g  a i rborne  laser tech- 
nology and e l e c t r o n i c  systems can provide va luable ,  q u a n t i t a t i v e ,  phys ica l ,  
chemical, and b i o l o g i c a l  oceanographic d a t a  over wide areas. This technol- 
ogy w i l l  be d i r ec t ed  toward enhancing t h e  s c i e n t i f i c  understanding of t h e  
ocean su r face  as w e l l  as t h e  subsurface water column. I n t e r e s t s  include 
us ing  laser systems ( sepa ra t e ly  and i n  combination wi th  pass ive  ocean 
color  systems) t o  advance the development and c a l i b r a t i o n  of s a t e l l i t e  
co lo r  scanners and altimeters. 

Objectives:  ( 1 )  To develop accura te  a i rborne  l i d a r  methods of measuring 
oceanic  water column cons t i t uen t s  including chlorophyl l  2 and o the r  phyto- 
planktonic  photopigments such as phycoerythrin. (2 )  To combine t h e  a i rborne  
laser-induced and water-Raman-normalized pigment f luorescence  wi th  simulta- 
neously recorded pass ive  ocean co lor  da t a  t o  i d e n t i f y  optimum s p e c t r a l  
regions (and in-water a lgori thms)  f o r  advanced spaceborne ocean co lor  
scanner development. ( 3 )  To develop a i rborne  l i d a r  methods f o r  measurement 
of oceanic  o p t i c a l  and bio-opt ical  parameters. 

Approach: The NASA Airborne Oceanographic Lidar  w i l l  be flown i n  coop- 
e r a t i v e ,  mu l t i - i n s t i t u t iona l ,  oceanographic f i e l d  inves t iga t ions  such as the  
Nat ional  Science Foundation's Warm Core Rings, the Department of Energy's 
Shelf Edge Exchange Processes  and Spring Recovery Experiment f i e l d  e f f o r t s ,  
and t h e  Off ice  of Naval Research's o p t i c a l  v a r i a b i l i t y  and bioluminescence 
s t u d i e s  (BIOWATT). These pas t  (and some ongoing) f i e l d  programs involve 
numerous u n i v e r s i t i e s  and oceanographic i n s t i t u t i o n s .  

Status:  Airborne laser-induced chlorophyl l  a and phycoerythrin f luores-  
cence da ta  have been obtained, analyzed, and-supplied t o  t h e  cooperating 
i n s t i t u t i o n s .  Corroboration wi th  p a r t i c i p a t i n g  s c i e n t i s t s  i n  t h e  ana lys i s  
of t h e  d a t a  and pub l i ca t ion  of important f i nd ings  is an ongoing a c t i v i t y .  
Comparing a i rborne  laser der ived chlorophyl l  a measurements wi th  moored 
fluorometer,  shipboard,  and Coastal  Zone Color-Scanner d a t a  is considered 
h igh  p r i o r i t y  f o r  understanding phytoplankton dynamics and es t imat ing  
primary product ivi ty .  During t h e  p a s t  s eve ra l  years ,  numerous papers have 
been published on oceanic  l i d a r  app l i ca t ions  t o  a i rborne  measurement of 
chlorophyl l ,  phycoerythrin,  tracer dye concentrat ion,  o i l  f i l m  th ickness  
and i d e n t i f i c a t i o n ,  monomolecular f i lms ,  f r o n t  mapping, water depth,  and 
sea su r face  backsca t t e r  c h a r a c t e r i s t i c s .  Several  papers have been r ecen t ly  
published on act ive-passive ( laser -so lar )  a i rborne  ocean co lor  methods f o r  
phytoplankton pigment concen t r a t ion .  measurement, and several chlorophyl l  
co lo r  a lgori thm s t u d i e s  show promise f o r  eventual  publication. 
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MICROSCALE OCEAN SURFACE DYNAMICS 

N. E. Huang 

Greenbelt, MD 20771 
Code 671, NASA/Goddard Space F1 i ght  Center 

(301) 344-8741 

Long Term In te res ts :  The exchanges o f  momentum, energy, mass, and 
heat across the  a i r -sea  i n t e r f a c e  a l l  occur a t  microscale;  s p a t i a l  
and temporal i n t e g r a t i o n s  g i ve  us t h e  g lobal  weather and c l imate.  A 
consequence o f  t h e  a i r -sea  i n t e r a c t i o n  a t  t he  microscale i s  t he  
generat ion o f  sur face waves, which can a l so  be used as a i n d i c a t o r  
o f  t h e  dynamic processes. Our long term i n t e r e s t s  a re  t o  study t h e  
microscale ocean sur face dynamics t o  p rov ide  t h e  base f o r  understanding 
the  g loba l  sca le a i r -sea  i n t e r a c t i o n  problem, and a l so  t o  prov ide 
t h e  foundat ion f o r  proper i n t e r p r e t a t i o n  o f  microwave remote sensing 
data. 

Object ives:  (1) To study t h e  de ta i l ed  s t a t i s t i c a l  c h a r a c t e r i s t i c s  
o f  t h e  ocean surface, ( 2 )  t o  study t h e  e v o l u t i o n  o f  wind wave spect ra 
under t h e  ac t i ons  o f  winds and ambient cur ren ts ,  and ( 3 )  t o  study t h e  
wave breaking processes and the  source o f  turbulence a t  t he  upper 
ocean laye r .  

Approach: The approach adopted here i s  t o  conduct a se lected number 
o f  c a r e f u l l y  c o n t r o l l e d  experiments a t  t he  wind-wave and cu r ren t  
i n t e r a c t i o n  f a c i l i t y  a t  Wallops F l i g h t  F a c i l i t y .  Theoret ica l  i n v e s t i -  
ga t i on  w i l l  be conducted a t  the  same time. Comparisons w i t h  t h e  
f i e l d  data w i l l  be emphasized, and acuta l  comparisons w i l l  be made 
whenever f i e l d  data are ava i l b le .  Our aim i s  t o  understand t h e  
bas ic  phys ics o f  t h e  microscale ocean dynamic processes; therefore,  
our  approach i s  a n a l y t i c a l  and phys ica l  r a t h e r  than emperical. 

Status: Our study i s  a continuous e f f o r t  w i t h i n  t h e  a i r - se  i n t e r -  
a c t i o n  program. The most recent  r e s u l t s  are: (1) We found t h a t  t h e  
wind can suppress t h e  l ong  term weak non l inear  wave-wave i n t e r a c t i o n  
processes, ( 2 )  we have es tab l i shed t h e  i n f l u e n c e  o f  t h e  sea s t a t e  on 
t h e  de terminat ion  o f  t h e  drag c o e f f i c i e n t ,  and ( 3 )  we have es tab l i shed 
an a n a l y t i c a l  model o f  t he  oceanic whitecap coverage percentage as a 
f u n c t i o n  o f  t h e  sea s t a t e  and wind cond i t ion .  Fur ther  i n v e s t i g a t i o n  
of  t h e  wave current ,  and turbulence i n t e r a c t i o n  phenomena i s  planned 
fo r  t h e  coming years. 

111-37 

= 



MICROWAVE RADAR OCEANOGRAPHIC INVESTIGATIONS 

F. C. Jackson 
NASA Goddard Space F l i g h t  Center, Code 671 

Greenbelt , Mary1 and 20771 
301-344-5380 

Long term i n t e r e s t s :  Remote sensing o f  ocean sur face wa\ies and sur face 
cond i t ions ;  e lectromagnet ic i n t e r a c t i o n s ;  wave dynamics. 

Task o b j e c t i v e :  To develop a v i a b l e  spaceborne microwave observing 
system f o r  ocean wind and wave spectrum measurements. A s imple and 
accurate approach t o  t h e  g lobal  wave spectrum measurement problem has 
a1 ready been demonstrated i n  t h e  ROWS (Radar Ocean Wave Spectrometer) 
technique. This technique u t i l i z e s  s h o r t  pu lse  radars i n  a con ica l  
scan mode near v e r t i c a l  incidence t o  map t h e  d i r e c t i o n a l  s lope spectrum 
i n  wave number and azimuth and can be implemented a t  low cost  by 
s imply mod i fy ing  e x i s t i n g  s a t e l l i t e  a l t i m e t e r s .  
o b j e c t i v e s  i n c l u d e  a) d e f i n i n g  a S h u t t l e  experiment t o  demonstrate 
t h e  technique, b) f u r t h e r  r e f i n i n g  and v a l i d a t i n g  t h e  technique, 
p r i n c i p a l l y  through j o i n t  f l i g h t s  w i t h  t h e  Surface Contour Radar 
(SCR), and c )  u t i l i z i n g  t h e  already proven c a p a b i l i t y  o f  t h e  a i r c r a f t  
ROWS t o  conduct bas ic  wave physics i n v e s t i g a t i o n s .  

S p e c i f i c  t a s k  

Current Status: No e f f o r t  has been made t h i s  year  t o  d e f i n e  a S h u t t l e  
experiment; however, some analys is  work has been c a r r i e d  ou t  i n  
connection w i t h  R. Beal 's  Spectrasat concept. Th is  i n d i c a t e s  t h a t  
"azimuth walk" may l i m i t  t h e  i n t e g r a t i o n  t ime t o  ca. 0605 s. Signal 
t o  noise, however, i s  s t i l l  adequate. The Norwegian Sea h indcast  
study i s  being prepared f o r  pub l i ca t ion .  Work on t h i s  study had 
taken a back seat t o  t h e  MASEX mean square s lope analys is ,  which i s  
now complete and submit ted f o r  p u b l i c a t i o n .  The MASEX f e t c h - l i m i t e d  
data s e t  i s  essent i  a1 l y  analyzed . However, pub1 i c a t i  on i s  being del  ayed 
on account o f  an what appears t o  be anomalous s igna l  and noise leve ls ,  
Also, we are  w a i t i n g  f o r  t h e  f i n a l  SCR spect ra f o r  t h e  f i n a l  comparison 
t e s t s .  Most c r i t i c a l  w i l l  be how accura te ly  t h e  ROWS est imates t h e  
r e l a t i v e  weights and d i r e c t i o n s  f o r  t h e  b i d i r e c t i o n a l  wave systems. 
On complet ing these comparison t e s t s ,  t h e  ROWS data w i l l  be analyzed 
f o r  growth and spreading c h a r a c t e r i s t i c s  as a f u n c t i o n  o f  f e t c h  and 
t h e  b i d i r e c t i o n a l  wave systems w i l l  be modeled, A l l  t h e  S IR-B  under- 
f l i g h t  data have been analyzed and communicated t o  t h e  Appl ied Physics 
Laboratory where three-way sensor intercomparisons (ROWS, SCR, and 
SIR-B) w i l l  be made i n  common formats. 
show remarkably good agreement between t h e  t h r e e  sensors f o r  a v a r i e t y  
o f  sea c o n d i t i o n s  (see papers i n  IGARSS'85 Digest;  Real e t  a1 ., 1986). 
The ROWS p a r t i c p a t e d  success fu l l y  in t h e  FASINEX experiment i n  February, 
1986, o b t a i n i n g  good wave d i r e c t j o n a l  spect ra data f o r  t h e  f i v e  f l i g h t s  
as w e l l  as cross s e c t i o n  data dur ing  t h e  low- level  runs w i t h  t h e  SCR. 
A new A/D and data system f o r  t h e  ROWS i s  be ing procured which should 
be ready f o r  t h e  proposed EM b ias  experiment next  year. 

The comparisons made so f a r  
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AIR-SEA INTERACTION STUDIES 

Kristina B. Katsaros, Associate Professor 
Department of Atmospheric Sciences, AK-40 

University of Washington 
Seattle, Washington 98195 
Phone: (206) 543-1203 

Long-Term Interests: Our aim is to determine the intrinsic proper- 
ties of short gravity-capillary waves and their relation to wind 
stress and long waves. Implications of the results for air-sea 
interaction and microwave remote sensing will be investigated. 

Objectives of this specific research: Our objectives were to 
extend our previous findings on wavenumber spectra of short waves 
to higher wind speeds and various atmospheric stability cases. 

Approach: Surface roughness can best be described by the wave- 
number spectrum of short waves. Therefore, we measured wave 
heights and calculated the frequency spectra which were then con- 
verted to wavenumber spectra by correcting for Doppler shift caused 
by long wave orbital velocities and surface currents. Surface 
roughness, obtained from wavenumber spectra averaged over time, can 
be correlated with measured friction velocity to investigate its 
dependence on wind stress. The breaking waves also contribute to 
surface roughness. However, due to their turbulent nature, 
breaking waves can not be studied with the above approach and were 
excluded from these analyses by using a technique we developed 
earlier. 

Current status: With the techniques we developed, several data 
sets were analyzed. For wavelengths 1.4 to 5 cm (commonly used in 
scatterometers) the spectral amplitudes were found to grow by a 
factor of 10 as the wind increased from 2 . 7  to 6.1 m/s. A publica- 
tion on this work is almost ready for submission. Collection of 
wave data at higher wind speeds is in progress in Lake Washington. 
In addition we participated in a joint experiment on platform FPN 
in the North Sea in December 1985. 
directly measured the wind stress. Radar backscatter at C and Ku 
bands were simultaneously obtained by W. C .  Keller of the Naval 
Research Laboratory and W. Alpers of the University of Bremen. 
This latter data set will serve to test the implications of the 
results from the Lake Washington wave study for microwave remote 
sensing of winds by scatterometers. 

For winds up to 32 m/s we 
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OCEAN CIRCULATION STUDIES WITH SATELLITE ALTIMETRY 

Chester J. Kobl i nsky 
NASAIGoddard Space F l i g h t  Center 

Code 621 
Greenbelt, Maryland 20771 

(301) 344-9354 

Long-Term In te res ts :  
I am i n t e r e s t e d  i n  s tudy ing ocean c i r c u l a t i o n  v a r i a b i l i t y  on 

t ime  scales o f  weeks t o  years with an emphasis on understanding t h e  
wind fo rced c i r c u l a t i o n .  

Ob j e c t i  ves: 
The ob jec t i ves  o f  t h i s  study are t o  understand t h e  phys ica l  

processes t h a t  cause sea l e v e l  v a r i a b i l i t y  as measured w i t h  s a t e l -  
l i t e  a l t imeters .  

Approach : 
Q u a n t i t a t i v e  desc r ip t i ons  o f  sea l e v e l  v a r i a b i l i t y  a re  der ived  

from s a t e l l i t e  a l t i m e t e r  data. I n  s i t u  data and models a re  used t o  
understand t h e  phys ica l  processes t h a t  cause t h e  observed sea 
hei  yht  f l u c t u a t i o n s .  

Status: 

Mesoscale Studi  es : 
An extens ive ana lys is  o f  wind f i e l d s  and cu r ren t  measurements i n  

t h e  Nor th P a c i f i c  has been undertaken t o  understand wind forced 
mesoscale c i r c u l a t i o n .  A f i r s t  paper on t h i s  work has appeared 
( N i i l e r  and Koblinsky, 1985) and a second i s  now i n  preparation. 

Basin Scale Studies: 
Work i s  i n  progress t o  study l a r g e  sca le  v a r i a b i l i t y  i n  t h e  

Northwest A t l a n t i c  us ing  GEOS-3 and SEASAT data. In terannual  
f l u c t u a t i o n s  have been found w i t h  an rms o f  lOcm and are  being 
compared w i t h  i n  s i t u  data and models. 

A g lobal  est imate o f  t h e  long wavelength mean sea l e v e l  r e l a t i v e  
t o  t h e  PGSS4 geoid has been computed and t h e  r e s u l t s  a re  s i m i l a r  t o  
those found by others. Fur ther  c a l c u l a t i o n s  are  now i n  progress 
w i t h  new o r b i t s  and geoids computed from t h e  l a t e s t  TOPEX g r a v i t y  
model . 

A NASA graduate student fe l low,  Dan Steinberg, has implemented 
t h e  NOAA/GFDL Ocean General C i r c u l a t i o n  Model on t h e  CYBER 205. 



OCEAN SURFACE WIND STRESS MEASUREMENTS 
IN SUPPORT OF SCATTEROMETRY STUDIES 

William G. Large 
National Center for Atmospheric Research 

Boulder, Colorado 80307 
(303) 497-1364 

Lonn-Term Interests: The application of remotely sensed vector wind stress 
measurements to large scale air-sea interactiofi problems. 

Obiectives: To establish an empirical correlation between the magnitude of 
the ocean surface wind stress, ro, and coincident microwave backscatter as 
given by the normalized radar cross-section (NRCS). To investigate differ- 
ences between this correlation and correlations between wind speed. 

Amroach: Ignoring the wind direction for the present, the approach is to ob- 
tain coincident measurements of TO, and NRCS over a wide range of conditions 
(sea state, sea surface temperature, atmospheric stability, and wind speed, 
then investigate the empirical relationships that emerge. The results should 
place useful constraints on theoretical studies. No presumption is made that 
NRCS is more closely related to wind stress than to other quantities, only 
that since wind stress is the parameter of most interest at the sea surface, an 
attempt should be made to directly relate it to measureable quantities such as 
NRCS. Airborne scatterometry is to provide the NRCS data, thus relieving 
the severe sampling constraints of a satellite system while maintaining the 
mobility to sample different geographical regimes. The surface wind stress 
is measured from either surface ships or buoys via the inertial dissipation 
technique and also from boundary-layer turbulence aircraft. 

Status: An instrument has been developed for routine ro measurements from 
surface ships and buoys. During the intensive phase (10 February-10 March 
1986) of the Frontal Air-Sea Interaction Experiment (FASINEX) it operated 
continuously on board R/V Endeavor. Analyses are now underway to verify 
that stress was measured correctly. In addition, hot film probes from the 
Naval Postgraduate School were operating on both R/V Endeavor and R/V 
Oceanus, and turbulence aircraft overflew the ships. Thus a complete set 
of wind stress data is available from FASINEX. Meanwhile wind velocity 
was being measured over a 50km array of five surface moorings. During 
FASINEX the NASA Ames C130B aircraft flew 11 missions (>20 hours of 
radar data) with other aircraft over the ships and buoys. As hoped, the 
FASINEX conditions included a well developed ocean surface temperature 
front with as much as a 2.OoC change in 5km and wind speeds from calm to 
18 m/s. 
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Instfumentation For The Field Measurements of 
Dielectric Constant a t  18, 35 and 94 GHz 

Richard W. Larson 
Environmental Research Institute of Michigan 

Advanced Conceots Division 
P.O. Box 8618, Ann’Arbor, MI 48107 

(313)994-1200 

Long Tenn Interest: To assist  i n  the development of methods for  interpretation of m u l t i -  
spectral microwave images of snow-ice and other scenes. In particular, to uti l ize 
parameters derived from physical and electrical i n  situ measurements of the scene 
(obtained coincident w i t h  the collection of r a d a r 1  i n  research to develop models for  
interpretation of SAR imagery and to  extend the i n  si tu measurements capability to 
support other microwave and millimeter remote sensing systems. 

gathering fl ights w i t h  the X-C-L synthetic aperture radar system. Ground measurements 
taken dur ing  the SAR data collection periods have included (1) measurement of dielectric 
constant, surface roughness and other parameters and (2 )  establishing calibration 
references for  the absolute calibration of the SAR system. 

constant of snow, ice and soil. 
1.2 GHz, 5 GHz, and 9.5 GHz, and a t  100 MHz and 500 MHz. Also, a method t o  achieve 
absolute calibration on a SAR system has been developed. 

Specific Objectives: 
microwave instruments and the parameters that describe the scene conditions as derived 
from surface measurements. Develop and utilize instrumentation for i n  situ measurements 
to characterize scattering areas such as dielectric constant, surface roughness and other 
related parameters for  use w i t h  microwave and millimeter remote sensing systems. 

Approach: Design and fabricate instrumentation for the i n  situ measurement of critical 
parameters adequate to describe the scattering surface areas. The construction of 
fnstrumentation for the i n  situ measurement of dielectric constant a t  frequencies of 94 
GHz, 35 GHz and 18 GHz a n d f i e l d  testing of these instruments will be accomplished on 
t h i s  program. Support for construction of additional instruments for dielectric constant 
measurements a t  10 GHz, 6 GHz, 1.2 GHz, 500 MHr and 100 MHz have been provided from other 
sources. 

Current Status: 
dielectric constant a t  94, 35 and 18 GHz has been designed and construction I s  under way. 
Measurements are being made using available instrumentation a t  10 GHz t o  obta in  data from 
which to  derive the dielectric constant of surfaces. The values of dielectric constant 
are being derived to demonstrate procedures and models that will be utilized i n  deriving 
dielectric constant from the 94, 35 and 18 GHZ da ta .  Instrumentation i s  scheduled to be 
completed and init ial  testing accomplished during the sumner months of 1986. 

During the p a s t  12 years or SO advantage has been taken of a number of data 

Instrumentation has been developed for  the i n  situ measurement of comcilex dielectric 
These instruments operate a t  the frequencies of the SAR, 

To verify scattering models using data obtained from calibrated 

During the p a s t  year instrumentation for the i n  situ measurements of 
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OCEAN SCATTEROMETRY RESEARCH 

Fuk K. L i  
J e t  Propuls ion Laboratory, 183-701 

4800 Oak Grove Dr i ve  
Pasadena, CA 91109 

(818) 354-2849; FTS 792-2849 

Long-Term I n t e r e s t s :  To develop phys ica l  models r e l a t i n g  radar  
backscat ter  f rom t h e  ocean t o  var ious geophysical q u a n t i t i e s ,  such 
as near sur face winds, and t o  exp lo re  a c t i v e  microwave techniques 
t o  r e t r i e v e  such geophysical quan t i t i es .  

Object ives:  Improve t h e  present  scat terometer  geophysical model 
f u n c t i o n  by comparing t h e  radar  backscat ter  a t  Ku band t o  ocean 
wind and wind s t ress ,  and t o  o ther  a u x i l i a r y  geophysical var iab les  
such as sea s t a t e ,  sea sur face  temperature and tens ion,  etc. 

Approach: 
face measurements under a range of atmospheric and oceanographic 
cond i t ions  and use t h i s  da ta  se t  t o  guide t h e  development o f  a 
model f u n c t i o n  r e l a t i n g  a0 t o  ocean winds, I n  FY85 and FY86, we 
prepared f o r  and p a r t i c i p a t e d  i n  t h e  F ron ta l  Air-Sea I n t e r a c t i o n  
Experiment (FASINEX) w i th  t h e  Ai rborne Microwave Scatterometer 
(AMSCAT). FASINEX was conducted around an ocean sur face  tempera- 
t u r e  f r o n t  near Bermuda. Several ships, buoys, and a i rp lanes  
p a r t i c i p a t e d  i n  sur face measurements and AMSCAT was used on t h e  
Ames C-130 t o  c o l l e c t  oo measurements a t  14.6 GHz. 
o f  a. data were obta ined on t h e  experiment s i t e  i n  10 f l i g h t s .  
A wind speed range of ~2 t o  ~ 1 2  m/s was observed. The inc idence 
angle used ranged from 0' t o  60'. 
data were c o l l e c t e d  i n  format ion f l i g h t  w i t h  t h e  WAR Elect ra,  t h e  
NRL P-3, and t h e  NASA Wallops P-3, which were measuring wind 
st ress,  atmospheric, and wave condi t ions.  I n  t h e  o the r  f l i g h t s ,  
data were obta ined i n  con junc t i on  w i t h  t h e  NRL P-3 over t h e  sh ips  
and buoys. This  da ta  s e t  from FASINEX w i l l  be used t o  assess t h e  
r e l a t i o n s h i p  between a. and wind s t ress,  t h e  dependence o f  a. on 
sea sur face  temperature and d e t a i l e d  dependence o f  o0 vs azimiith 
angles . 

We w i l l  c o l l e c t  a comprehensive data s e t  o f  a0 and su r -  

About 22 hours 

I n  th ree  o f  t h e  f l i g h t s ,  t h e  

Status:  
i n i t i a t e  t h e  in tercompar ison o f  t h e  oos w i t h  t h e  surface measure- 
ments i s  be ing planned f o r  t h e  f a l l  o f  1986, 

The FASINEX data  a re  being reduced t o  ao. A meeting t o  
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BEMOTE SENSING OF AIR-SEA EXCHANGES I N  HEAT AND MOMEN'IUM 

W. Timothy Liu 
J e t  Propuls ion Laboratory 

Mail Code 169-236 
4800 Oak Grove Drive 

Pasadena, CA 91109 
(818) 354-2394; FTS 792-2394 

Lonn-Term I n t e r e s t :  Using space-borne sensors t o  study the in- 
t e r a c t i v e  processes of atmosphere-ocean exchanges i n  momentum and 
energy. 

Spec i f i c  Oiec t ives :  Developing a technique t o  es t imate  monthly 
averaged ocean sur face  l a t e n t  hea t  f l u x  (evaporation) with s a t e l -  
l i t e  observations and applying the technique t o  study the month t o  
month v a r i a t i o n  of sea sur face  temperature i n  t r o p i c a l  Pac i f i c .  

Amroach: (1) Using radiosonde r e p o r t s  from ocean s t a t i o n s ,  t o  
seek a g loba l  r e l a t i o n  between p r e c i p i t a b l e  water measured by spa- 
ceborne sensors and the surface-level hamidi t y  requi red  t o  compute 
ocean evaporation. (2) Using t h i s  r e l a  t i o n  and Seasat/SMMR meas- 
urements - wind speed, sea sur face  temperature, and p r e c i p i t a b l e  
water, t o  demonstrate the c a p a b i l i t y  of spaceborne microwave ra- 
diometers i n  measuring la rge-sca le  month-to-month v a r i a t i o n  of la- 
t en t  h e a t  f l ux .  (3) t o  eva lua te  s i m i l a r  measurements by 
Nimbus/SMMR, t o  apply them i n  studying the  1982-83 warming event 
i n  e q u a t o r i a l  P a c i f i c .  (4) t o  combine d i f f e r e n t  measurements from 
var ious  e x i s t i n g  spaceborne sensors f o r  computing the  ne t  ocean- 
atmosphere h e a t  exchange i n  t r o p i c a l  oceans f o r  the Tropic Heat 
and TOGA experiments. (5)  Using Nimbus-SMMR observa t ions  and s h i p  
data ,  t o  study the p o s s i b i l i t y  of computing l a t e n t  hea t  f l u x  from 
b r igh tness  temperatures using s t a t i s t i c a l  model. 

Current S t a tus :  Steps (1) and (2) descr ibed  above have been com- 
p l e t ed .  S tep  (3) i s  i n  progress.  For s t e p  (4 ) ,  a n  interagency- 
supported experimental program c a l l e d  the ' I W A  Heat Exchange Pro- 
j e c t  has  been e s t a b l i s h e d  a t  the beginning of FY ' 8 6  with 
P. N i i l e r ,  C. Gautier,  It. Bernstein,  and F. Wentz. 

(THEPI 
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Analysis of Satellite-Tracked Drifting Buoys in the North Pacific 

Dr. Douglas S. Luther 

Scripps Institution of Oceanography, A-030 
La Jolla, California 92093 

Tele: (619) 452-4739 

Long-Term Interests: Dynamics of ocean fluctuations on time scales of 1 hour to 1 
year. In this arena, satellite-tracked drift buoys have been under-utilized with respect to  
robust high frequency oscillations like inertial waves, despite the good position accuracy, 
short sampling intervals and large geographic coverage of the drifter datasets. 
Objectives: Extraction (and subsequent interpretation) of the following information from 
drifting buoy trajectories that were collected during 1976-1981 in the North Pacific: 
1) the kinematic properties of near-surface inertial oscillations (peak periods between 18 
hours and 5 days) as a function of space and time; 
2) the kinematics (period, wavelength, meridional structure, etc.) of the meandering of 
the North Equatorial Counter-Current; and 
3) the spatial and temporal (seasonal and interannual) variability of the mean currents 
and the mesoscale eddy field (periods between 5 and 100 days) in the North Pacific. 
Furthermore, we are attempting to determine the optimum spectral (includicg robust) 
estimation procedure from irregularly-sampled data, which irregularity is a common 
feature of many satellite-derived datasets. 

Approach: Traditional statistical analyses are employed, as well as a novel spectral 
analysis technique to  quantify the characteristics of the inertial oscillations. The latter 
employs a normalization of the drift tracks with respect to the variation of the planetary 
vorticity with latitude, yielding a time series in which the inertial oscillations have the 
same period as a function of time despite the latitudinal excursions of the drifters. 
Status: In fiscal year 1985, during which this project began, we accomplished the follow- 
ing: 
1) tabulated the mean period and kinetic energy of the near-surface inertial oscillations as 
a function of latitude from 4 " N  to  18 N; large frequency shifts of the inertial peak are 
observed, some of which are due to  the vorticity contribution of mean shears, while the 
remainder may be atmospherically-generated; the meridional distribution of kinetic 
energy in the inertial peak appears to be closely related to  surface wind kinetic energy; 
2) compared the drifter data  with moored measurements, which indicates that, aside from 
the non-linear advection evident in the inertial oscillation characteristics, no other non- 
linear behavior is detectable; 
3) tabulated the mean and eddy kinetic energies of the near-surface flow for a 40" 
square area of the mid-latitude Pacific and a wide band of the tropical Pacific as a func- 
tion of season; and 
4) modified auto-regressive and inverse techniques for spectral estimation directly from 
the irregularly-spaced drifter track data,  after testing a variety of interpolators (non- 
data-adaptive) that proved unsatisfactory except for the crudest applications. 
Manuscripts are in preparation. 



ANALYSIS OF SIR-B OCEANOGRAPHIC DATA 

David R. Lyzenga and Robert A. Shuchman 
Environmental Research I n s t i t u t e  o f  Michigan 

P.O. 8618, Ann Arbor, Michigan 48107 
313-994-1200 Ext 2590 

Long-Term Interests:  To understand the SAR imaging mechanisms 
f o r  ocean waves and t o  develop and evaluate addi t ional  SAR 
techniques f o r  oceanographic remote sensing. 

Ob'ectives: To compare SIR-B wave images from the Southern 8-77- ceans xperiment w i th  theoret ica l  calculat ions,  and t o  attempt 
t o  ex t rac t  addi t ional  types o f  oceanographic information from 
SIR-B data. 

Approach: A SAR image simulat ion model has been developed and 
i s  being operated using wave spectrum measurements made by the 
NASA ROWS and SCR instruments. The resu l t s  o f  these model 
p red ic t ions  are compared w i th  actual SIR-B images. Addl t i ona l  
SIR-B data sets are being processed i n  an attempt t o  ex t rac t  
winds and currents. Laboratory measurements w i l l  a lso be made 
t o  invest igate the mechanisms underlying these informat ion 
ex t rac t ion  techniques. 

Status: 
S f R - B a t a  takes. Two addi t ional  data sets are cu r ren t l y  being 
analyzed. We are await ing the raw data f o r  the wind and 
current  invest igat ions,  and are se t t i ng  up t o  begin the 
laboratory  measurements. 

I n i t i a l  wave image comparisons have been made f o r  two 
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OCEAN CIRCULATION AND TOPOGRAPHY 

James G. Marsh 
Chester J. Kob l i  nsky 

Goddard Space F l i g h t  Center 
Greenbelt, MD 20771 

(301) 344-5324 

Long-Term I n t e r e s t s  

To prov ide  a p h y s i c a l l y  unambiguous bas is  f o r  t h e  i n t e r p r e t a t i o n  
and q u a n t i t a t i v e  u t i l i z a t i o n  o f  s a t e l l i t e  a l t i m e t r y  observations o f  
sea sur face topograpy and t o  apply t h i s  knowledge t o  re levant  
problems i n  ocean c i r c u l a t i o n .  S a t e l l i t e  radar  a l t i m e t e r  data are 
being analyzed f o r  t h e  determinat ion o f  t h e  sea sur face geometry 
and t h e  development o f  a n a l y t i c a l  and i n t e r p r e t a t i v e  techniques f o r  
determining t h e  c o n t r i b u t i o n s  o f  t h e  ocean geoid, mesoscale 
c i r c u l a t i o n  phenomena, t i d e s  and dynamic topography. Analyses 
concerned w i t h  o r b i  t computation accuracy improvement t o  t h e  
decimeter l e v e l  a re  being studied. 

Speci f i  c I n v e s t i  g a t i  on 

The ob jec t i ves  o f  t h e  work a re  t o  compute g loba l  as we l l  as reg iona l  
maps o f  mean sea surface topography from a combination o f  s a t e l l i t e  
a l t i m e t e r  data and p r e c i s i o n  o r b i t  i n fo rma t ion  and t o  use these 
data i n  con junc t ion  w i t h  models o f  ocean c i r c u l a t i o n ,  independent 
i n  s i t u  observations and t h e  geoid t o  de r i ve  i n fo rma t ion  on dynamic 
ocean processes. 

Approach 

Refined techniques f o r  t h e  computation o f  reg iona l  and g loba l  mean 
sea s u r f  aces have been devel oped. Improved o r b i t  accuracies are  
being achieved through t h e  use o f  r e s u l t s  from NASA Geodynamics 
i n v e s t i a t i o n s  i n  t h e  areas o f  t h e  ea r th ' s  g r a v i t y  model and o ther  
geodetic parameters. 

Status 

The t o t a l  se ts  o f  SEASAT and GEOS-3 s a t e l l i t e  a l t i m e t e r  data have 
been analyzed f o r  t h e  computation o f  a new g loba l  mean sea sur face 
on a l/$O gr id .  A global  i l l u m i n a t e d  map o f  t h e  mean sea sur face 
has been produced us ing  image processing techniques. 

The most recent g lobal  bathymetric/topographi c 1/12O data set  
produced by Washington U n i v e r s i t y  has been image processed on t h e  
same sca le  and format f o r  d e t a i l e d  comparison purposes. 

Improved o r b i t  accuracies have been achieved f o r  SEASAT through t h e  
use o f  improved geodetic parameters r e s u l t i n g  from t h e  TOPEX g r a v i t y  
model devel opment work . 
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A Sa t e l l i t e  Study of Polynyas on t h e  S ibe r i an  and Alaskan 
Continental  Shelf Using t h e  Nimbus-7 SMMR Data S e t  

Seelye Martin 
School of Oceanography WB-10 

Universi ty  of Washington' 
Seatt le,  WA 981 95 
(206) 543-6438 

Long Term I n t e r e s t s :  Our i n t e r e s t s  are i n  t he  use of sa te l l i te  
and r e l a t e d  surface data sets t o  s t u d y  the  formation and 
pe r s i s t ence  of polynyas i n  t h e  polar  oceans. We plan t o  use 
these  da t a  sets t o  compute the  ocean-to-atmbsphere heat f l u x ,  t he  
related ice production ra te ,  and the  br ine  f l u x  i n t o  t h e  water 
column. 
water formation, and t o  t h e  t r a n s f e r  i n t o  the deep ocean of 
oxygen, carbon dioxide,  and radionucl ides .  

We then w i l l  r e l a t e  these f l u x e s  t o  deep and bottom 

Objectives:  The large heat f l u x  from polynyas means t h a t  they  
are also reg ions  of l a r g e  i c e  and br ine  production. The br ine  
f l u x  c r e a t e s  a dense s a l t y  water,  which flows i n t o . t h e  polar  
ocean deep waters, and renews deep water oxygen content .  Th i s  
downwelling water may also t r a n s f e r  i n t o  the deep water, carbon 
dioxide from the  atmosphere, and rad ionucl ides  from the su r face  
mixed layer. Our purpose i n  these s t u d i e s  is t o  undergtand the 
in te rannual  v a r i a b i l i t y  of t h e  f l u x e s  between the ocean and 
atmosphere, and t h e  f luxes  between the ocean surface mixed layer 
and the ocean i n t e r i o r .  

Approach: Our present  work employs two d a t a  sets, the Nimbus-7 
SMMR, and the  NCAR 6 hour weather s t a t i o n  data, t o  s tudy  polynya 
formation over t h e  four  win ters  November-March 1979-1983. This 
is a j o i n t  project with D r .  Donald Cava l i e r i  of NASAfGoddard; he 
is taking r e s p o n s i b i l i t y  f o r  the  SMMR data set ,  and I am working 
on t h e  weather and oceanographic data. 
the loca t ion  and pe r s i s t ence  of t he  var ious  polynyas; the  weather 
data g ives  us  the  rates of i ce  and dense water production. 

The SMMR data shows us 

S ta tus :  
which form along the Antarc t ic  W i l k e s  Land coast. 
s tudy  of the behavior of Arctic Ocean polynyas between 1979-1 983 
is underway. 
the add i t ion  of the  SAR t o  s tudy i c e  formation detai ls  wi th in  the 
Polynyas. 
radar group a t  JPL on radar observat ions of f r a z i l  ice. 

We have completed a preliminary s tudy  of the  polynyas 
Our present  

We hope t o  continue t h i s  work using the SSMI with 

I n  a related s tudy ,  w e  are working w i t h  the a c t i v e  
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INVESTIGATIONS OF MESOSCALE PHYSICAL AND 
BIOLOGICAL OCEANIC PROCESSES 

Charles R. McClain 
Oceans and I c e  Branch, Code 671 
NASA/Goddard Space F1 i g h t  Center 
Greenbelt , Mary1 and 20771 

LONG TERM INTERESTS: The v a r i a b i l i t y  o f  phytoplankton populat ions 
on t ime and space scales reso lvab le  by t h e  CZCS i s ,  t o  a l a r g e  ex- 
ten t ,  d r i v e n  by phys ica l  processes. S ign i f i can t  changes i n  phys i -  
ca l  f o rc ing  u s u a l l y  produce measurable changes i n  phytoplankton a- 
bundance and d i s t r i b u t i o n .  It i s  o f t e n  poss ib le  t o  d i f f e r e n c i a t e  
t h e  e f fec ts  o f  var ious  f o r c i n g  mechanisms by t h e  pigment pa t te rns  
produced. Studies t h a t  q u a n t i f y  t he  coup l ing  between phys ica l  and 
b i o l o g i c a l  f i e l d s  can lead  t o  improved i n s i g h t  i n t o  bo th  phys ica l  
and b i o l  og i  ca l  processes. 
OBJECTIVES: The pr imary ob jec t i ves  o f  t h i s  program are  t o  (1) doc- 
ument t h e  response o f  phytoplankton t o  changes i n  phys ica l  environ- 
ment i n  a v a r i e t y  oceanic systems, ( 2 )  exp la in  t h e  temporal and 
s p a t i a l  v a r i a b i l i t y  i n  terms o f  conceptual models and (3 )  q u a n t i f y  
t h e  magnitude o f  those changes us ing var ious  s t a t i s t i c a l  analyses. 
APPROACH: I n  o rder  t o  study a number o f  oceanic systems, co l l abo r -  
a t i ons  w i t h  on-going m u l t i d i s c i p l i n a r y  f i e l d  programs have been i n -  
i t i a t e d  and arrangements f o r  several u n i v e r s i t y  c o l l a b o r a t o r s  t o  
work a t  GSFC have been made. These inc lude  s tud ies  i n  t h e  South 
A t l a n t i c  B igh t  o f  t h e  eastern U.S. con t i nen ta l  s h e l f ,  t h e  G u l f  o f  
Mexico, N.W. Spain*, t h e  eastern equator ia l  P a c i f i c  Ocean, t h e  Adr i -  
a t i c  Sea, t h e  Arabian Sea, t h e  Ber ing Sea, and t h e  Caribbean Sea. 
Whenever poss ib le ,  CZCS and AVHRR data a re  c o l l e c t e d  du r ing  c ru i ses  
i n  order  t o  t i e  t h e  imagery t o  h igh  q u a l i t y  -- i n  s i t u  measurements 
f o r  i n t e r p r e t a t i o n .  I n  order  t o  understand v a r i a b i l i t y  on seasonal 
and in te rannua l  t ime  scales, t ime  se r ies  of images are processed 
and composited i n t o  seasonal mean and var iance f i e l d s .  
CURRENT STATUS: Publ ished s tud ies  p a r t i a l l y  supported by  t h i s  pro- 
gram inc lude  i n v e s t i g a t i o n s  o f  Gu l f  Stream, Loop Current and Kuro- 
Kuroshio f r o n t a l  upwel l ings,  o f  E l  Nino and in te rannua l  v a r i a b i l i t y  
i n  t h e  eastern equa to r ia l  P a c i f i c  Ocean, and of wind-dr iven upwel- 
l i n g  o f f  N.W. Spain. Studies o f  seasonal v a r i a b i l i t y  i n  t h e  South 
A t l a n t i c  B igh t  and o f  in te rannua l  v a r i a b i l i t y  i n  t h e  A d r i a t i c  and 
Arabian Seas have been completed. 
bean Seas a re  underway. 

(301) 344-5377 , 

Studies i n  t h e  Ber ing  and Carib- 

* P a r t i a l l y  supported by t h e  Department o f  State. 



Thomas B. McCord, Y.I. (808-948-6488) Klaus Wyrtki, &-I Mane- 
tary Geosciences Uivision Keith Chave, &-I Hawaii Ins t i -  
t u t e  of Geophysics Department of Oceanography 

University of b w a i i ,  Honolulu, Hawaii 96822 

Long Term I n t e r e s t s  o f  the 1.J.: Study the basic  global 
processes operating now and i n  the past t o  form and a l t e r  the 
planets. Develop and apply technology f o r  the  study of the  Earth 
and t h e  other p lane ts  and s a t e l l i t e s  from space. Apply th i s  new 
knowledge and technology t o  provide new data  on s c i e n t i f i c  ques- 
t ions  and f o r  prac t ica l  benefit .  

Obiectives of t h i s  SDecific Research Yroiect: Develop a sys- 
tem of Island Sta t ions  i n  the Pac i f ic  Basin f o r  the purpose of 
sensing environmental p roper t ies  and t ransmit t ing them v i a  satel-  
l i t e  (GOES-West Data Collection System) t o  the Honolulu labora- 
tory. hake spec i f ic  measurements of global t e r r e s t r i a l  processes, 
make the systems avai lable  t o  other users, and a i d  other investi-  
ga tors  i n  s imilar  projects.  Support space remote sensing missions 
such a s  TOMX by providing ground t ru th .  

Amroach Used: Ident i fy  important environmental parameters t o  
be measured i n  support of major s c i e n t i f i c  invest igat ions such a s  
the  long-range sea leve l  monitoring project  by Professor Klaus 
Wyrtki; work with s a t e l l i t e  communication equipment and sensor 
manufacturers t o  develop and supply appropriate devices; develop 
equipment and techniques in-house; t e s t  systems i n  the  l a b  and a t  
Honolulu harbor; i n s t a l l  systems on remote islands,  l ink with the  
GOES-Nest D.C. S., and monitor t h e i r  operation; automate data  
rece ip t  and s t a t i o n  monitoring t o  provide other users wjith data. 

Status:  Eight i s land  s t a t i o n s  a r e  i n s t a l l e d  and operating: 
Christmas, Yonape, Tarawa, Majaro, Nauru, Honiara, Rabaul, and a 
t e s t  system i n  Honolulu. Sea leve l ,  temperature and system param- 
e t e r s  a r e  monitored. liardware and software was developed (in- 
house and i n  conjunction w i t h  manufacturers) t o  sense and encode 
the  data, up-link t o  s a t e l l i t e ,  access and record the returned 
data and d i s t r i b u t e  it t o  users. Data acquis i t ion,  processing, 
and d i s t r i b u t i o n  a r e  f u l l y  automated and operating rout inely.  
Techniques, personnel, and procedures were developed f o r  ins ta l -  
l i n g  and maintaining these s t a t i o n s  a t  remote is land s i t e s .  
Maintenance procedures were developed with service t r i p s  maae t o  
insure cont inui ty  i n  data  return.  An PM l i nk  has been developed, 
f i e l d  tes ted  and i s  now ready t o  take measurements a t  sensing 
sub-stations and telemeter them t o  a cent ra l  up-link. Dt. 
Wyrtki's t i d e  gauges have been interfaced a t  each s i t e ,  providing 
data routinely.  

The Yacif i c  Tsunami Warning Center i s  current ly  receiving 
data  from two s t a t i o n s  i n  a combined e f f o r t .  With t h e  advance of 
the  teohnology and the leve l  of concern over tsunami danger t o  
Pac i f ic  R i m  countries t h i s  combined e f f o r t  should continme t o  
expand. l k e  Pac i f ic  Marine Env ironmental Laboratory has con- 
t rac ted  t o  u t i l i z e  OOT c a p a b i l i t i e s  i n  a j o i n t  e f f o r t  t o  more 
e f fec t ive ly  maintain systems operating a t  common locations.  
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THE MAPPING OF OCEAN SURFACE CURRENTS USING 
MULTI-FREQUENCY MICRO WAVE RADARS 

Principal Investigator: Robert E. McIntosh 
Department of Electrical and 

Computer Engineering 
University of Massachusetts 
Amherst, M A  01003 
(413) 545-0709 

The Microwave Remote Sensing Laboratory (MIRSL) at the University 
of Massachusetts is studying the feasibility of measuring ocean surface cur- 
rents from geostationary satellite platforms. System studies indicate that 
multifrequency microwave' radars can be used to measure surface currents, 
provided that the cross-product spectrum consistently displays a resonant 
peak that gives the necessary Doppler frequency-shift information. The long 
term goal of this research is to determine the realiability of multifrequency 
radars to determine ocean surface currents over a wide variety of ocean sur- 
face conditions. 

The MIRSL will field test a C-Band, multifrequency radar that was spe- 
cially designed for sensing ocean currents from a platform mounted on the 
shore. Cross product spectra will be measured for different surface condi- 
tions to determine if the resonant *AK" peak can dependably determine 
ocean current. 

The measurements will be performed during August-November, 1986 
near Camden, ME. The site for the radar platform overlooks deep water, 
which is subject to strong tidal currents. We plan to make measurements 
during severe weather in an effort to determine the radar's ability to measure 
the surface current under high wind speed conditions. 

The multifrequency radar has been fabricated and calibrated at an out- 
door test range at the University of Massachusetts. 
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COORDINATION, TECHNICAL DEVELOPMENT, AND SYSTEMS 
ENGINEERING IN THE DRIFTERS PROGRAM 

Dr. James C. McWilliams 
National Center for Atmospheric Reseach 

Boulder, Colorado 80307 
(303) 497-1352 

The long-term objective of the DRIFTERS program is the development 
and use of surface drifting buoys for empirical studies of the general circu- 
lation of the upper ocean and lower atmosphere, their exchanges of heat, 
momentum, and energy, and their low frequency, large-scale variability (i.e., 
climate). 

The DRIFTERS Program is a cooperative effort among seventeen sci- 
entists and engineers from eight institutions. The present contract is to ac- 
complish the following tasks: coordinate engineering and science activities 
by individual members of the program; represent the program to the spon- 
soring agencies, scientific planning groups (e.g., TOGA, WOCE, and ONR 
sponsored air-sea interaction experiments), and the oceanographic institu- 
tions and industrial companies who will eventually manufacture and deploy 
the buoy systems developed; begin the process of integrating the components 
of the FLUX drifter system; plan and recruit participants for needed future 
buoy systems; and pursue particular technical developments associated with 
meteorological sensors for the future FLUX drifter and with the air- and 
ship-of-opport uni ty-deployability of the buoy systems developed. 

The approach utilized for these tasks involves frequent communication 
among members of DRIFTERS, other oceanographic groups, and the spon- 
soring agencies in order to coordinate program elements and to develop plans 
for particular buoy developments and deployments. 

Accomplishments during the past, final year of the program include final 
formulation of the FLUX buoy systems design, initiation of field calibration 
studies for two new types of Lagrangian surface drifters, arrangement for 
reduced prices for commerical buoy transmitters, and formulation of plans 
for the use of thermistor drifters in TOGA and drifters of several types of 
WOCE. 

This work is jointly sponsored with NOAA and ONR. 
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ADVANCED RADIO TRACKING SYSTEM. (ARTS) 

W i l l i a m  G. Melbourne 
Telecommunications Science and Engineering Division 

Jet Propulsion Laboratory 238-540 
4800 Oak Grove Drive, CA 91109 
(818) 354-5071 o r  FTS: 792-5071 

Long-Term I n t e r e s t :  To develop a system f o r  high p rec i s ion  t racking  of Earth 
satellites which is based on using t h e  Global Posit ioning System (GPS), 
Combined with prec ise  satel l i te  a l t ime t ry  and improved &miedge of t h e  ocean 
geoid, t h i s  system w i l l  y i e ld  unprecedented accuracy i n  t h e  monitoring of ocean 
c i r c u l a t i o n  through high r e so lu t ion  ocean topography, 

Spec i f ic  Objectives: To develop a f l i gh t - r a t ed  CPS receiver f o r  TOPEX, t o  
develop a g loba l ly  d i s t r i b u t e d  network of GPS ground terminals, t o  develop t h e  
prec is ion  o r b i t  determination capab i l i t y  t o  process and analyze these  t racking  
data,  t o  conduct systems analyses i n  support of t h e  f l i g h t  and ground 
development and, t o  conduct a demonstration of t h i s  new t racking  system during 
t h e  TOPEX mission with t h e  goals of achieving 1 decimeter o r  b e t t e r  accuracy i n  
t h e  TOPEX r a d i a l  pos i t i on  and recovering s i g n i f i c a n t  new geoidal information 
f o r  wavelengths of 1000 km and longer. 

Approach: The system concept e n t a i l s  t he  concurrent t racking  of GPS satell i tes 
by a global network of GPS terminals and by a rece iver  aboard TOPEX. The global 
network includes th ree  NASA-DSN sites and as many as 15 si tes operated by t h e  
DoD and by N O M .  The data streams from t h e  DSN sites p lus  s i te  s p e c i f i c  
tropospheric da ta  w i l l  be compressed and transmitted a t  a rate of roughly 700 
bps t o  a c e n t r a l  ground data processing f a c i l i t y .  The data from t h e  non-NASA 
si tes  w i l l  be t r ans fe r r ed  on a non-real t i m e  basis.  High accuracy o r b i t s  f o r  
TOPEX and t h e  GPS satell i tes and a l s o  ground s i te  pos i t ions  and geoidal 
information w i l l  be obtained. The demonstration, which is cur ren t ly  planned as 
a f l i g h t  experiment, w i l l  be conducted over t he  f i r s t  two years of t h e  TOPEX 
mission. The he r i t age  of t h i s  system f o r  high prec is ion  GPS-based t racking  of 
e a r t h  satellites l ies with t h e  cur ren t  development of hardware and software 
systems f o r  high accuracy (0.Olppm) GPS-based geodetic appl ica t ions .  

Status:  A series of ground demonstrations and technology development continues 
which is p a r t i a l l y  sponsored by Oceanic Processes and by Geodynamics. These 
tests have es tab l i shed  our capab i l i t y  t o  determine GPS o r b i t s  from ground da ta  
and t o  recover base l ines  a t  an accuracy of around 0.lppm with a r e p e a t a b i l i t y  
i n  some components of about O.O3ppm, Future tests i n  FY86 and FY87 should 
demonstrate f u r t h e r  improvement i n  system performance t o  a level of about 0.01 
- 0.03ppm o r  about 3 cm on base l ines  of less than a few hundred kilometers 
length. For TOPEX, a demonstration of t h e  GPS-based system f o r  t racking  e a r t h  
satellites is included in t h e  TOPEX mission plan. Preparations t o  acqui re  a 
f l i gh t - r a t ed  GPS receiver are complete. Preliminary system accuracy s t u d i e s  
i n d i c a t e  t h a t  carrier phase observations i n  conjunction with a dynamic 
treatment of t h e  TOPEX o r b i t ,  including adjustment of medium t o  long wavelength 
g rav i ty  terms, provide t h e  most accura te  performance. Other processing 
techniques including combining carrier phase and pseudorange observations used 
i n  a non-dynamic mode are being investigated.  We have completed a new software 
package f o r  analyzing t h e  performance of GPS-based t racking  systems. Its 
completion allows us t o  complete t h e  func t iona l  design of t h e  ground da ta  
processing system and t h e  prec is ion  o r b i t  determination software. 



Inverse  Methods: Combining Satellite and In-Situ Data 
i n  a n  Ocean Basin Model 

Berr ien Moore I11 
Complex Systems Research Center 

Univers i ty  of New Hampshire 
Durham, NH 03824 

603- 8 62- 1 7 92 

LONG-TERM INTERESTS: The c r e a t i o n  o f  a s p a t i a l l y  d e t a i l e d  model 
of the  g l o b a l  ocean t o  i n v e s t i g a t e  oceanic  response t o  f l u x e s  i n  
atmospheric carbon d ioxide .  

OBJECTIVES: We wish to  inco rpora t e  data i n t o  a tracer-based, 
84-box A t l a n t i c  Ocean model t h a t  reflect  ch lo rophy l l  pigment 
d e n s i t i e s  and t h e  s u r f a c e  exchange of h e a t  and water. Three 
o b j e c t i v e s  guide  t h i s  research:  ( 1 )  to  clarify the  inve r se  
methodology and t h e  in f luence  of  boundary va lues  and c o n s t r a i n t s ;  
(2) t o  describe new primary production and water motion for t h e  
At l an t i c  Ocean c o n s i s t e n t  with i n t e r n a l  tracer f ie lds ,  wi th  
e x t e r n a l  f o r c i n g  a t  t h e  ocean su r face ,  and with p a t t e r n s  of 
ch lo rophy l l  d e n s i t i e s  as  observed by t h e  Coas ta l  Zone Color 
Scanner (CZCS);  and ( 3 )  t o  quan t i fy  t h e  in f luence  of primary 
product ion and i ts  v a r i a b i l i t y  on the  oceanic  uptake of carbon 
d ioxide .  

APPROACH: W o  primary tasks are as soc ia t ed  w i t h  o b j e c t i v e  1: 
one, t o  exp lo re  t h e  model's s e n s i t i v i t y  to  p o s s i b l e  v a r i a t i o n s  i n  
t h e  sa tel l i te  d a t a ;  and two, t o  exp lo re  the  mathematical  
characteristics of cons t ra ined  inve r se  techniques.  For ob jec t ive  
2, we want to develop (a)  data sets of h e a t  and mois ture  exchange 
f o r  s u r f a c e  r eg ions  i n  t h e  model, (b) a series o f  c o n s t r a i n t s  o f  
new primary product ion based on CZCS d a t a ,  and (c) a method for 
adding a dynamic mixed-layer model t o  a tracer-based box model. 
For o b j e c t i v e  3, we need t o  test the At l an t i c  Ocean model's 
t r a n s i e n t  response to a fo rc ing  from f o s s l l  f u e l  carbon dioxide.  

STATUS: We have been t e s t i n g  a c o n s t r a i n t  mat r ix  for  the  
A t l a n t i c  Ocean model w i t h  which we w i l l  encode t h e  q u a l i t a t i v e  
c o l o r  p a t t e r n s  from CZCS data. These tests, us ing  c u r r e n t  
estimates on new primary product ion,  have been successfu l .  We 
are also reso lv ing  d i f f i c u l t i e s  i n  the  two-step i t e r a t i o n  for 
smoothing t h e  data f i e l d s .  A paper summarizing our  work with t h e  
84-box model is i n  prepara t ion .  



I nves t i ga t i on  o f  the Propert ies o f  Radar Backscatter from Sea Ice 

Richard K. Moore and T. H. Lee Will iams 

2291 I r v i n g  H i l l  Dr ive 
Lawrence, Kansas 66045-2969; Phone: 91 3-864-4832 

OBJECTIVES: The long-term object ives include: (1) descr ib ing the radar 
'6ackscattering proper t ies of sea ice, (2) improving the understanding o f  t he  physics 
of radar s ignal  i n te rac t i ons  with sea ice,  (3) comparing signatures obtained w i t h  
scatterometers, radiometers, and imaging radars t o  improve the a b i l i t y  t o  
d i sc r im ina te  relevant features o f  sea ice,  ( 4 )  developing procedures for  applying 
s ignature knowledge t o  i c e  surveys, (5) ascer ta in ing the best parameters for  i c e  
s u r v e i l  lance radars and radar-radiometer systems, (6) developing methods f o r  using 
the spa t ia l  cha rac te r i s t i cs  o f  sea-ice radar returns t o  a i d  i n  automated 
i n t e r p r e t a t i o n  of radar images o f  the ice. 
analyzing observations made i n  the East Greenland Marginal I ce  Zone dur ing MIZEX 84, 
and on con t ro l l ed  experiments performed on an a r t i f i c i a l  i c e  sheet a t  CRREL. 
i s  s t a r t i n g  on developing an expert system f o r  radar image analysis based on t h e  
methodologies used by ice-image in te rp re te rs .  

ACTIVITIES/ACCOMPLISHMENTS: 
year of a laboratory-based experiment t o  grow sa l i ne  i c e  under semi-control led 
condi t ions a t  the U.S. Army Cold Regions Research and Engineering Laboratory. 
Backscatter measurements were made f o r  l i k e  and cross-polar izat ions a t  5.2, 9.6. 
13.6 and 16.6 GHz for  incidence angles between Do and 50'. Ice treatments y ie lded  
smooth and roughened surfaces w i t h  and without a d ry  snow cover. Extensive 
measurements were made dur ing the growths o f  the i c e  sheets, y i e l d i n g  data sets f o r  
open water and i c e  o f  varying thickness. 
data reduction and co r rec t i on  f o r  antenna separation and beamwidth, t o  y i e l d  p l o t s  
of backscatter versus incidence angle f o r  the various frequencies. 
the measured backscatter c o e f f i c i e n t s  t o  a physical opt ics  sca t te r  model y ie lded  
estimates o f  surface roughness and confirmed tha t  surface sca t te r i ng  i s  dominant f o r  
the f i r s t  year i c e  surface. A t  incidence angles above 15", the returns separated 
i n t o  two groups. 
responses, due t o  volume and surface sca t te r  respectively. The Lemaining surfaces 
show a more rap id decrease i n  re tu rn  w i th  incidence angle. 

Several hundred data sets were obtained from the Heloscat he l i cop te r  scatterometer 
a t  5.2, 9.6, 13.6 and 16.6 GHz between 0" and 70" incidence angle over a range o f  
i c e  types. The data have been reduced t o  backscatter c o e f f i c i e n t s  and summary 
s t a t i s t i c s  are being ca lcu lated f o r  each sample area. The analysis was delayed by 
e r ro rs  i n  the incidence angle encoder, which necessitated a f i l e - b y - f i l e  data 
co r rec t i on  e f f o r t .  I n t e r p r e t a t i o n  o f  the resu l t s  w i l l  continue i n  1986. 

FUTURE PLANS: 
completed, we expect t o  analyze these data t o  determine the best combination of 
radar parameters f o r  ice-type i d e n t i f i c a t i o n  i n  the  summer. 
temporal va r ia t i ons  o f  cont rasts  during the summer. i d e n t i f i c a t i o n  may requi re 
s i g n i f i c a n t  supplementary meteorological data. I n  addit ion, we w i l l  i nves t i ga te  
f i r s t -  and second-order t e x t u r a l  measures as poss ib le  ice-type d iscr iminators ;  
pre l iminary i nd i ca t i ons  are t h a t  some o f  these measures may be more SUCCeSSfUl i n  
the summer than use o f  sca t te r i ng  c o e f f i c i e n t  amplitudes. 

The r e s u l t s  o f  the CRREL experiment w i l l  be analyzed t o  determine t h e i r  impact 
on our understanding o f  the physics o f  the radar-sea I c e  i n te rac t i on .  To date t h i s  
analys is  has been delayed by study o f  ways t o  remove the antenna pa t te rn  effects, a 
study now completed. 

We expect t o  continue the study o f  t h i s  i n t e r a c t i o n  by using a very-f ine- 
reso lu t i on  radar t o  examine i c e  produced under d i f f e r e n t  condi t ions i n  a cold-room 
laboratory. 
experiments should be poss ib le  than i n  any f i e l d  experiment. 

i n te rp re ta t i on .  
facts and knowledge base used by expert human in te rp re te rs ,  developing o r  Select ing 
d i g i t a l  image processing methods t o  ex t rac t  as many o f  the re levant  facts as 
possible from radar imagery, and developing the contro l  s t ruc tu re  of the expert 
System so t h a t  these f a c t s  may be applied t o  the knowledge base t o  COIIIplete 
c l a s s i f i c a t i o n s .  

Kansas t o  apply the measurements made w i th  the Heloscat system i n  M I Z E X  t o  the  
generation o f  simulated images, which may then be compared w i t h  images produced by 
airborne SAR i n  the same area. 
permit b e t t e r  app l i ca t i on  o f  the Heloscat observations t o  determining image 
proper t ies under condi t ions where images are not avai lable. 
permit studies of the e f f e c t s  of d i f f e ren t  radar parameters on images -- studies 
t h a t  would not be poss ib le  w i th  actual imagers because they do not have s u f f i c i e n t l y  
va r iab le  parameters. 

This work i s  j o i n t l y  Sponsored by the Off ice o f  Naval Research and the National 
Aeronautics and Space Administrat ion. 

Radar Systems and Remote Sensing Laboratory 
Un ive rs i t y  o f  Kansas Center f o r  Research, Inc. 

Recent work has concentrated on 

Work 

I n  January through March we pa r t i c i pa ted  i n  the second 

Much o f  the e f f o r t  dur ing 1985 has been on 

A best f i t  o f  

The snow-covered and rough gray i c e  show s i m i l a r  angular 

The data analysis f o r  the MIZEX 84 Summer Experiment i s  nearing completion. 

As reduct ion o f  the MIZEX 84 hel icopter-borne scatterometer data i s  

I n  view o f  the rap id  

By c o n t r o l l i n g  the environment i n  the room, many more c o n t r o l l e d  

We hope t o  develop, over a per iod o f  time, an expert system f o r  image 
The method f o r  doing so involves formal iz ing the i n t e r p r e t a t i o n  

We a lso hope t o  use e x i s t i n g  image s imulat ion packages a t  The Un ive rs i t y  of 

This t i e  between Heloscat and image data should 

Moreover, i t  w i l l  

111-55 

L 



MICROWAVE REMOTE SENSING OF OCEANOGRAPHIC PARAMETERS 

Dr. E n i  6. Njoku 
Jet  Propulsion Laboratory 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(21 3 ) 354-5607; FTS 792-5607 

Long-Term Interests: To advance the use of passive microwave 
techniques, i n  conjunction w i t h  other remote sensing and in situ 
methods, for measurement of oceanographic phenomena from space. 
These measurements will be applied t o  the understanding of problems 
i n  oceanography, ocean-atmosphere interactions, and climate. 

Objectives: To analyze the measurement performance of the SMMR 
instruments on Seasat and Nimbus-7, and the SSMI on DMSP when 
launched, t o  improve measurement accuracies th rough  refined re- 
trieval techniques, and t o  demonstrate application of the data t o  
oceanographic problems. To improve the capability for sea surface 
temperature measurement from space u s i n g  microwave, v i  si bl e/IR, 
and i n  situ sensors. 

Approach: SMMR-derived geophysical quanti t i e s  (SST, wind speed, 
water vapor, and cloud l i q u i d  water) have been generated a t  various 
spatial scales for the tropical Pacific ocean. These da ta  sets  
are being examined and compared w i t h  other data sets, bo th  spatially 
and i n  time sequence, t o  determine the stabil i ty and accuracy of 
the SMMR data on these scales. The data are then used to study 
the devel opment of oceanographic and atmospheric phenomena. 
Workshops have been organized to  assess present capabil i ties and 
coordinate future research i n  sea surface temperature measurement. 

Status:  
t h e 1  ty of the SMMR t o  observe interrelated changes i n  sea 
surface temperature, wind speed, water vapor, and cloud 1 i q u i d  
water during geophysical events such as  the 1982 E l  Nino. Analysis 
is underway t o  determine i f  the accuracies are sufficient for a i r -  
sea interaction modeling studies. Three workshops have been held 
t o  involve remote sensing scientists and oceanographers i n  planning 
future research and instrumentation for  sea surface tenperature 
measurements. The f i n d i n g s  have been documented i n  a series o f  
workshop reports and i n  the open literature. 

Analysis of the tropical Pacific SMMR data sets has shown 
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WORLD OCEAN CTRCULATION EXPERIMENT (WOCE): 
PLANNING FOR A U.S. COMPONENT 

W. D. Nowlin, Jr. 
Department of Oceanography 

Texas A&M University 
College Station, Texas 77843 

409-845- 1443 

Long Term Interests: A World Ocean Circulation Experiment is planned for the 1990s to 
improve our description and understanding of the global Ocean circulation, with particular 
interest in how the Ocean affects the earth's climate. WOCE will be part of the World 
Climate Research Programme's (WCRP) study of long-term climatic trends. 
Internationally, WOCE is directed by the WOCE Scientific Steering Group formed under 
the auspices of the Committee for Climatic Changes and the Ocean (CCCO) and the Joint 
Scientific Committee of the WCRP. Many nations are expected to take part in WOCE, and 
each participating country is expected to develop a plan for their national contribution. The 
planning effort described here, jointly supported by NASA and NSF, is intended to further 
the development of a U.S. component for WOCE. 

Objectives: WOCE will use, on a global basis, satellites, ships, tide gauges, drifters and 
floats, current meters, and numerical modeling in a five year effort to improve our 
understanding of the Ocean circulation. To successfully implement a program of this 
complexity, careful planning is essential. The U.S. planning program will: define the 
objectives of a U.S. component of WOCE; identiQ data needed and modeling efforts 
required to meet those objectives; work with NSF, NASA, and other agencies to estimate 
the physical needs and financial outlays required to support the U.S. WOCE efforts; 
entrain potentially interested U.S. scientists by encouraging their participation in planning 
activities; provide financial support for meetings, workshops and studies; communicate 
developing WOCE plans to the oceanographic community; and coordinate U.S. efforts 
with the components of the international WOCE. 

Aqwoach: A U.S. WOCE Scientific Steering Committee (SSC) has been constituted with 
C. Wunsch (MIT) and W. Nowlin (TAMU) as Co-chairmen. The SSC has formed 
working groups on the ocean surface layer, air ocean exchange, geochemistry, numerical 
modeling, global geostrophic circulation, and technology development. A joint 
WOCE/TOGA data management working group was formed with the goal of creating a 
single data management system to aid both programs. A U.S. WOCE Planning Office has 
been established to carry forward the activities of the SSC and to coordinate the efforts of 
the working groups. 

Status: Planning activities for WOCE intensified in 1985 with many of the working 
groups holding workshops. These included four Ocean sector meetings to consider key 
problems of the global circulation and discuss experimental work to be carried out in each 
ocean sector during WOCE. Much of the deliberations of the working groups has been 
integrated into Planning Report 3: A Status Report on U.S. Planning, published by the 
SSC in January, 1986. This report should be considered a statement of progress toward 
the development of a U.S. Science Plan for WOCE. 
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OCEAN COLOR INVESTIGATIONS USING THE MULTICHANNEL OCEAN COLOR SCANNER (MOCS) 

John D. Oberhol tzer  
NASAIGoddard Space F l i g h t  Center ,  Wallops F l i g h t  F a c i l i t y  

Wallops I s l a n d ,  VA 23337 
(804) 824-3411 o r  FTS 928-5241 

Long Term I n t e r e s t s :  The primary goa l  of t h i s  s tudy  i s  t o  b e t t e r  understand 
ocean p r o d u c t i v i t y  through extending and improving t h e  c o r r e l a t i o n s  between 
de tec t ed  s p e c t r a l  rad iances  from t h e  ocean and t h e  concent ra t ion  of chloro- 
p hy 11 bear ing  plankton. 

Object ives:  There are two o b j e c t i v e s  t o  t h i s  i nves t iga t ion .  F i r s t ,  wi th  
t h e  u s e f u l  l i f e  of t h e  Coas ta l  Zone Color Scanner on Nimbus 7 coming t o  a n  
end, i t  is important t h a t  another  ocean co lo r  instrument  be a v a i l a b l e  t o  
t a k e  p a r t  i n  coopera t ive  s t u d i e s  of ocean p roduc t iv i ty .  The MOCS is an 
a i r c r a f t  mounted instrument t h a t  can provide a synop t i c  map of t h e  chloro- 
p h y l l  concent ra t ion  i n  an  area around r e sea rch  s h i p s  and i n  o t h e r  l i m i t e d  
areas where it  is needed. Second, t h e  MOCS can be used t o  d e f i n e  new 
a lgor i thms f o r  t h e  d e t e c t i o n  and measurement of ch lorophyl l  us ing  t h e  
upwell ing l i g h t  s i g n a l  from t h e  ocean. 

Approach: The MOCS has proved t h a t  through t h e  s p e c t r a l  curva ture  a lgo-  
r i thm, t h e  ch lorophyl l  a concent ra t ion  can be measured r e l i a b l y  from air-  
c r a f t .  However, t h e  instrument  has not been used t o  its f u l l e s t  e x t e n t  
because only  t h e  middle po r t ion  of t h e  scan  l i n e  has been used. Sun 
g l i n t  has been more of a problem than  necessary.  To remedy t h i s ,  t h e  
system i s  being re furb ished  so t h a t  a l l  of t h e  d a t a  can be recorded, and 
it  is being made smaller t o  f i t  i n  smaller planes.  (It has been mounted 
i n  a P-3). It w i l l  be a v a i l a b l e  f o r  u s e  i n  coopera t ive  ' s t u d i e s  wi th  
oceanographic r e sea rch  programs both t o  provide l imi t ed  synopt ic  chloro- 
p h y l l  measurements and t o  extend t h e s e  measurements i n t o  o t h e r  types  of 
waters bes ides  those  o f f  t h e  east coas t  of North America. The s p e c t r a l  
cu rva tu re  a lgor i thm has been shown t o  be v a l i d  when t h e  a i r c r a f t  is a t  a 
low a l t i t u d e  (150 m).  Data obtained a t  a range of a i r c r a f t  a l t i t u d e s  
combined wi th  atmospheric co r rec t ion  models w i l l  be used t o  extend t h e  
a lgor i thm t o  h ighe r  a l t i t u d e s .  

S ta tus :  The refurbishment  of t h e  MOCS is proceeding. A 16-bit computer 
based on t h e  80186 ch ip  has  been added t o  t h e  system, and a new 12-bit  
ana log  t o  d i g i t a l  conver te r  has  been t e s t ed .  A removable hard d i s k  memory 
system is rep lac ing  t h e  n ine  t r a c k  t a p e  d r ive .  The MOCS is expected t o  
t ake  p a r t  i n  a coopera t ive  experiment a t  t h e  mouth of t h e  Chesapeake Bay 
i n  A p r i l  1986. 
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MICROWAVE RESPONSE OF ARCTIC SEA ICE 

Robert G. Onstott 
Environmental Research Insti tute of Michigan 

Advanced Concepts Division 
P.O. Box 8618, Ann Arbor, MI 48107 

313-994- 1200 Ext 2590 

Long Term Interest: 
information i n t o  geophysical data products and the advancement of the 
understanding of the microwave signatures of snow and ice. 

Interest includes transforming microwave signal  

Ob 'ectives: Objectives include devel oping synthetic aperture radar + SAR into an operational tool w i t h  which specific ice feature 
information will be extracted unambiguously, updat ing  our 
understanding of the electromagnetic interaction w i t h  snow and ice, 
apply  the quantitative re1 ationships between the measured 
electromagnetic properties and physical characteristics to  eval uate 
present and future microwave sensor performance w i t h  respect t o  
system and environmental parameters, and t o  use newly acquired d a t a  
to evaluate electromagnetic snow and ice scattering models and as 
i n p u t s  t o  enhance algorithm development and optimization i n  areas of 
i ce concentration and type determination. 

Approach: 
TANK EXPERIMENT, descriptions of the scattering coefficients of the 
major ice types that are present i n  the marginal ice zone i n  summer 
and of evolv ing  new ice under winter conditions were made. The 
analysis of the microwave and physical chemical and electrical 
property d a t a  will be completed t o  better understand inter- 
relationships, t h e  influence of summer melt on ice conditions and 
radar return, and the growth of new ice. In addition, SAR and 
passive microwave d a t a  acquired coincidentally w i t h  MIZEX near- 
surface observations will be analyzed s ta t i s t ica l ly  t o  strengthen the 
above results and t o  supply i n p u t s  fo r  use i n  the development of 
information retrieving algorithms, 

In the two most recent experiment series, MIZEX and CRREL 

Status:  Data reduction is  nearing completion. Intercomparison of 
da ta  from the near-surface microwave sensors, SAR, passive microwave 
imagers and profilers, and ice characterization measurements i s  
underway. Preliminary results were discussed i n  four papers 
presented a t  IGARSS '85. Multiple papers which include discussion of 
the microwave response of sea ice and results from an inter-sensor 
comparison are targeted fo r  a 1 July J G R  special issue. 

T h i s  work i s  jo in t ly  sponsored by the Office of Naval Research. 
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TIME DEPENDENT ALTIMETER STUDIES 

Pr inc ipa l  Inves t iga  t o r :  M. E. Parke 
J e t  Propulsion Laboratory 
4800 Oak Grove Drive 169-236 
-Pasadena, Cal i forn ia  91109 
FTS : 792-2739 
Commercial: (213) 354-2739 

Long Term Obiectives: To i nves t iga t e  two-dimensional mapping of a l t ime te r  
data f o r  the purpose of separating the mean and time varying p a r t s  of the 
a l t i m e t e r  signal.  Time varying s igna l s  include t ides ,  cur ren t  v a r i a b i l i t y  and 
mesoscale eddy v a r i a b i l i t y .  Of especial  i n t e r e s t  i s  the conversion of altime- 
t e r  data i n t o  es t imates  of the ocean t i d e  as  seen by conventional gauges, both 
in coas ta l  areas and i n  the  deep sea. 
Spec i f ic  Obiectives: 

(1) Patagonian Shelf:  To generate she l f  models of the Patagonian 
shelf  t i de ,  using a baro t ropic  f i n i t e  d i f fe rence  model with ad jus tab le  d i s s i -  
pation. Comparison of these models with a l t ime te r  he ight  values should allow 
a b e t t e r  understanding of the she l f  t i d e .  A key objec t ive  is  an estimate of 
the bI2 she l f  d i s s ipa t ion .  

(2) Global Tide: With new high p rec i s ion  o r b i t s  t h a t  a r e  now 
becoming ava i lab le ,  p a r t i a l  determination of the M2 t i d e  from Seasat data 
should be possible. 

(3) pre-TOPEX: The models of Shwiderski and Parke and Hendershott 
a r e  being compared t o  de termine a reas  of disagreement. Understanding the 
source of disagreement should be usefu l  f o r  f u t u r e  modelling e f f o r t s  and a s  a 
guide f o r  fu tu re  measurements. 
Sta tas : 

Models of the Patagonian shelf  have been generated. Comparison of the M2 
t i d e  along the  Seasat locked o r b i t  with the model r e s u l t s ,  shows d i s t i n c t l y  
the e f f e c t  of shelf  d i s s i p a t i o n  on the  a l t i m e t e r  data. A Sun workstation has 
been purchased i n  order t o  continue t h i s  modelling e f f o r t .  Further work 
should provide a q u a n t i t a t i v e  estimate of the M2 d i s s ipa t ion .  

Comparison of the Schwiderski and Parke-Hendershott models of the  t i de  
show d i s t i n c t  geographical d i f fe rences ,  mostly a t  high l a t i t ude .  Global 
crossover data show an e s s e n t i a l l y  equal improvement regard less  of which of 
the above models i s  included. l o s t  of the l a rge  regional d i f fe rences  appear 
dge t o  d i f f e r e n t  choices of boundary values. I n  add i t ion  there  a r e  smaller 
( 5cm) broad sca le  systematic d i f fe rences .  These smaller d i f fe rences  a r e  the 
dominant cause of d i f f e rences  i n  global i n t eg ra l  p rope r t i e s  such as  dissipa- 
tion. 

The University of Texas doppler o r b i t  has been recieved f o r  the locked 
o r b i t  period of Seasat* and included i n  an a l t i m e t e r  data s e t .  Simple 
ana lys i s  of t h i s  data produces a M2 s o l u t i o n  with a global accuracy of 20- 
25cm. A simultaneous 01 s o l u t i o n  shows a d i s t i n c t  anomalyr perhaps due to  
zonal adjustments t o  the  o r b i t  performed a t  UT. A new UT o r b i t  and the God- 
dard Doppler o r b i t  have been receive.d and a r e  being incorporated with the 
a l t i m e t e r  data. Comparison of t i d a l  r e s u l t s  should be q u i t e  i n t e re s t ing .  
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Northern Hemi sphere Sea I c e  from Passive Microwave Observations 

C1 a i  r e  Parkinson, Josef  i no Comi so , H. Jay Zwal l y  

(Code 671, NASA/Goddard Space F l i g h t  Center,  
Greenbelt , MD 20771, 301-344-6507) 

Dona1 d Caval i e r i  , Per G1 oersen 

and Wi l l i am J. Campbell 

Tacoma, WA 98416, FTS 390-6516) 
(U. S .  Geological  Survey, U n i v e r s i t y  o f  Puget Sound 

Long-Term I n t e r e s t s :  The p r i n c i p a l  i n v e s t i g a t o r  i s  i n t e r e s t e d  i n  
c l ima te  change, t h e  r o l e  o f  sea i c e  i n  c l ima te  change, t h e  i n t e r -  
ac t ions  o f  sea i c e  w i t h  t h e  ocean and atmosphere, and t h e  u t i l i t y  
o f  sea i c e  d i s t r i b u t i o n s  as an i n d i c a t o r  o f  t h e  c l imate  s tate.  

Object ives:  The purpose o f  t h i s  work i s  t o  u t i l i z e  t h e  1973-1976 
microwave data o f  t h e  Nimbus 5 ESMR t o  determine and analyze t h e  
f u l l  annual cyc le  o f  Northern Hemisphere sea i c e  and t o  produce a 
h i g h - q u a l i t y  volume present ing  t h e  da ta  and analys is .  

A roach: The bas ic  approach cons is ts  o f  f o u r  steps: (1) Data 

temporal i n t e r p o l a t i o n ,  adjustment f o r  an apparent 1976 ca l  i b r a -  
t i o n  s h i f t  i n  t h e  ESMR instrument,  normal iza t ion  o f  t h e  s a t e l l i t e  
b r igh tness  temperatures, and conversion o f  t h e  br igh tness  temper- 
a tures t o  sea i c e  concentrat ions.  (2 )  Data compi la t ion  and 
p l o t t i n g ,  i n c l u d i n g  t h e  c r e a t i o n  o f  var ious data products, such 
as color-coded maps o f  monthly averaged br igh tness  temperatures 
and i c e  concentrat ions,  and t ime sequences o f  i c e  area f o r  bo th  
t h e  f u l l  no r th  po la r  reg ion and f o r  each o f  e i g h t  subregions. 
(3) Data analys is ,  us ing  t h e  images and p l o t s  from #2 t o  analyze 
t h e  Northern Hemisphere sea i c e  cover, on a reg ional  and 
hemispheric basis. (4) Product ion o f  an A r c t i c  sea i c e  a t l a s  
from t h e  images, p lo t s ,  and ana lys is  created under (1), (2 ) ,  and 

+ r e  uct ion ,  i n v o l v i n g  e l i m i n a t i o n  o f  data gaps by s p a t i a l  and 

(3) 

Status: Data reduct ion,  compi lat ion,  and analys is  have been 
c a r r i e d  out  and a d r a f t  vers ion  o f  t h e  A r c t i c  sea i c e  a t l a s  from 
ESMR data has been created and sent t o  reviewers. A l l  p l o t s  and 
maps have been generated (a l though some not  i n  f i n a l  form), and 
ana lys i s  has been done on monthly averaged br ightness tempera- 
t u r e s  and der ived i c e  concentrat ions f o r  each o f  e i g h t  regions 
and fo r  t h e  Northern Hemisphere as a whole. Ongoing work inc ludes  
f i n a l  p repara t ion  o f  t he  images and rev i s ions  i n  t h e  t e x t  i n  
response t o  t h e  comments o f  t h e  reviewers. 
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ADVANCED OCEAN SENSOR DEVELOPMENT 

Ches ter  L. Parsons 
NASA/Goddard Space F l i g h t  Center ,  Wallops F l i g h t  F a c i l i t y  

Wallops I s l a n d ,  VA 23337 
(804) 824-3411 o r  FTS 928-5390 

Long Term I n t e r e s t s :  Th i s  RTOP (161-10-06) has as its lodg-term goa l  t h e  
development of advanced s a t e l l i t e  a l t i m e t r y  in s t rumen ta t ion  and techniques  
t o  suppor t  f u t u r e  miss ions  and oceanic  process  program ob jec t ives .  

S p e c i f i c  Object ives:  The immediate o b j e c t i v e  of t h i s  a c t i v i t y  i s  t o  
complete a 3-year s tudy  of t h e  i s s u e s  involved w i t h  multibeam a l t i m e t r y .  
The major product of t h i s  s tudy  w i l l  be the recommendation and s p e c i f i -  
c a t i o n  of a s p a c e c r a f t  multibeam alt imeter mission. 

Approach: The gene ra l  na tu re  of t h i s  multibeam altimeter development 
a c t i v i t y  w a s  e l u c i d a t e d  i n  a proposal  e n t i t l e d  "Technology S tud ie s  i n  
Support of an  Ea r th  Observing Radar." Components of t h e  a c t i v i t y  inc lude  
t h e  development of an a i r c r a f t  modularized technology t e s t b e d ,  e v a l u a t i o n  
and suppor t  s t u d i e s  ( inc lud ing  s imula t ions  and d a t a  process ing  technique  
development), a p p l i c a t i o n  s t u d i e s ,  and s p a c e c r a f t  p la t form s u i t a b i l i t y  
s t u d i e s .  Ava i l ab le  t o o l s  f o r  t h i s  program inc lude  t h e  Wallops Windwave 
Tank F a c i l i t y  f o r  s tudying  t h e  r ada r  b a c k s c a t t e r i n g  physics  f o r  t h e  mul t i -  
beam alt imeter 's  viewing geometry, t h e  Radar A l t i m e t e r  Simulation System 
developed f o r  t h e  TOPEX Advanced Technology Model development, and t h e  
Goddard Space F l i g h t  Center P-3 r e sea rch  a i r c r a f t  based a t  t h e  Wallops 
F1 igh  t F a c i l  i t  y. 

Current  S ta tus :  The multibeam altimeter proposa l  was submit ted f o r  peer  
review and approved by NASA Headquarters (approval  l e t t e r  da ted  January 14, 
1986). Overa l l  program planning and i n i t i a l  instrument  des ign  work are 
underway. An i n i t i a l  review of progress  by t h e  Headquarters  program o f f i c e  
is scheduled f o r  Apr i l .  Cooperative s t u d i e s  of mutual i n t e r e s t  are i n  pro- 
g r e s s  w i th  NASA Langley Research Center  and t h e  Naval Research Laboratory.  
The p r i n c i p a l  i n v e s t i g a t o r  i s  a member of t h e  Navy Remote Ocean Sensing 
System I1 advanced altimeter panel  and t h e  E a r t h  Observing System A l t i m e t r i c  
Systems panel.  Both f u t u r e  s p a c e c r a f t  c u r r e n t l y  inc lude  a multibeam 
altimeter i n  their  instrument  complements. A n a l y t i c a l  s t u d i e s  as needed 
from o u t s i d e  u n i v e r s i t y  and i n d u s t r y  e x p e r t s  are being arranged. 
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A Multi-Sensor Approach 
for Measuring Primary Production from Space 

Mary Jane Perry 
School of Oceanography 

University of Washington 
Seattle, WA 98195 
(206) 543-2652 

Long-term interests: 
production from satellite- and aircraft-derived chlorophyll 

to improve our ability to predict primary 

measurements. 

Objectives: to develop a multi-sensor, remote sensing approach for 
computing primary production from space. This approach is based on 
our existing capability to measure -- from space -- the primary 
environmental parameters that regulate photosynthesis. These 
factors are the instantaneous shortwave radiation incident on the 
sea surface, the radiation experienced by phytoplankton in the 
recent past, ocean temperature, and nitrogen availability. 

Approach : 
chlorophyll 
ob t ai nab1 e 

to analyze empirical, regional correlations of 
and primary production in context of environmental data 
from satellites. Regional chlorophyll-primary 

production relationships are usually noisy. Sources of variance in 
such relationships are being examined using a multi-variate 
approach based on inclusion of environmental forcing functions. 
Several parameters can be determined directly by satellite remote 
sensing; specifically, these include satellite measurement of 
instantaneous and previous-day short wave radiation from the GOES 
VISSR sensors, AVHRR sea surface temperature, and altimeter-derived 
winds. Other parameters can be indirectly inferred, by correlation 
with historical seasonal relationships (e.g., temperature, mixed 
layer depth, weather-station winds, nutrients). 

Status: The proposed research is in an early stage. Data sets are 
being collected for multi-variate analyses of chlorophyll, 
enviromental parameters, and primary production. 

The project is conducted through the auspices of the Ocean Basin 
Carbon Fluxes Program in the Interdisciplinary Research Program in 
Earth Sciences, sponsored by NASA Space Science and Applications. 
The project is in collaboration wlth Catherine Gautier, Scripps 
Institution of Oceanography. 
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ANALYSIS OF COASTAL SYSTEMS OF WASHINGTON 
USING SATELLITE REMOTE SENSING OF OCEAN COLOR AND TEMPERATURE 

Mary Jane Perry 
School of Oceanography 
University of Washington 

Seattle, WA 98195 
(206) 543-2652 

Long-term interests: to understand the distribution of 
phytoplankton in high latitude eastern ocean boundary current 
regions, rates of primary production, and the underlying physical 
and biological factors responsible for the observed patterns of 
variation in phytoplankton biomass and production. 

Objectives: ( 1 )  t o  describe the annual and interannual variability 
in pSgment concentration and distribution patterns on the Washington 
shelf and slope waters, using historical Coastal Zone Color Scanner 
archived images; (2) to examine these patterns in context of 
physical interactions, using archived satellite sea surface 
temperature patterns, historical hydrographic data, and current 
meter data; and ( 3 )  to develop and test a regional algorithm for 
determing primary production, by combining information from a large 
multi-year historical data set on the depth distribution of 
pigments, rates of primary productivity, and temperature with 
satellite imagery. 

Aproach: to analyze archived satellite imagery for ocean color and 
temperature in context of the available historical data on the 
biology and physics of Washington coastal waters obtained from 
ships, current meter morring, and other data records. The 
availability of coincident ship-determined chlorophyll measurements 
with Coastal Zone Color Scanner images will also provide information 
on the behavjor of chlorophyll algorithms in high latitude, high 
phytoplankton biomass regions. 

Status: The proposed research is in a very early stage. The 
analysis of historical data to determine the relationship between 
primary production and chlorophyll I s  underway. A microVAX I1 
workstation will be installed in the summer to allow local 
processing of ocean color and temperature data to level 3. 
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OCERNOGRRPHIC RND METEOROLOGICRL RESERRCH BRSED ON 
THE DRTR PRODUCTS O F  SECISRT (NRGW-690) 

Willard J. Pierson Jr. 

CUNY Institute of Marine and Rtmospheric S,ciences 
The City College of The City University of New York 

Convent Rve. at 138th Street 
New York, N.Y. 10831 Tel. (212) 690-8315 

Term Interests: (1) To develop improved 
models for radar backscatter from waves on the ocean 
and to use backscatter measurements to recover vector 
winds over the? ocean. (2, To contribute toward im- 
proved numerical computer-based waves, weather and 
ocean circulation models. (3) To improve the present 
Monin-Obukhov theory, FInd (4) to study the errors o f  
conventional measurements. 

Q_b,rectives ' o f  Present Research: (1) Part o f  (1) 
above is done in collaboration with M. R. Donelan o f  
C.C.I.W., implications for the SRSS data and for 
N-ROSS and other scatterometers will be covered in fu- 
ture papers. (2) Rn invited paper on the Subject has 
been published and is given in the bibliography. (3) 
C, M. Tchen is working on the problem. (4) R paper is 
70% complete an errors of ship reports and ways to im- 
prove data buoy report 5. 

fleproacht The study of radar backscatter theory 
and data will be continued, Ways to invert the problem 
and deduce winds from backscatter will be developed so 
as to include sea surface temperature, specular 
backscatter, Bragg scattering and the state of develop- 
ment of the waves. 

c_u_rr_e_nt Status: Recent pub1 icat ions cover past 
results. Present results will soon be submitted to ap- 
propriate journals, We believe that we have shown the 
inadequacy o f  power law models. CI correct backscatter 
model must include sea surface temperature effects, 
specular backscatter at incidence angles greater than 
20' and the effects of wedges and spilling breakers. 
The eFfects of wedges and spilling breakers are not 
roley a function o f  the local wind speed. Participa- 
tion on the TOWRRD committee has provided valuable in- 
sight on current activities on measuring backscatter 
from aircraft and fixed platforms. 
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SIP-B WIND SHClDQW SUPPORT PROGRRM 
(Subcontract  6690-84 w i t h  Univ. of  Kansas 

(R. K. Moore, P. I. 3 ,  Primary Con t rac t  w i t h  JPL). 

Wlllard J. P i e r s o n  Jr. 

CUNY I n s t i t u t e  of  Marine and fltmospheric Sk iences  
T h e  C i t y  College of The C i t y  U n i v e r s i t y  o f  N e w  Y o r k  

Convent Rve. at 138th Street 
N e w  Y a r k ,  N.Y. 10031 Tel. 4212) 698-8315 

Long Tery-i&gygstgr T o  s t u d y  t h e  w i n d s  around 
i s l a n d s  for  a wind-shadow effect i n  t h e  lee of t h e  is- 
lands.  

Qh jgc t ive  of Pr_e_e_n& Research:  To analyse C h a l -  
l enge r  SIR-B data ob ta ined  for p a s s e s  o v e r  Jamaica, i n  
t h e  Bahamas  over Nassau and other i s l a n d s ,  i f  pes- 
s i b l e .  

Qgeroach: The U. S. G i r  Foree  m a d e  l o w  lave1  (508 
foot > wind ~ e a s u r @ m e n t s  around P u e r t o  R i c o  t h a t  show 
t h e  effect sought  and through t h e  Bahamas  du r ing  Hur-  
r i c a n e  Josephine.  The d a t a  have j u s t  become a v a i l a b l e  
for SIR--8. T h e  backscatter m o d e l  r e s u l t s  desc r ibed  for 
NRGW-698 also cover L-Band. 

Current  S t a t u s :  R n a l y s i s  of  data is i n  p rogres s  
b u t  s l a n t  r ange  v a r i a t i o n s  i n  t h e  reduced data m a s k  
effects being sought. 
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CALCULATION OF GEOSTROPHIC AND EKMAN TRANSPORTS FROM ALTIMETER DATA 

D. B. Rao 
National Meteorological Center 

Washington, D.C. 20233 
(301)763-8005 

An analytical procedure to objectively analyze sea surface topography was developed in 
the frame work of a simple, frictional, wind-driven ocean circulation model of Stommel. 
The procedure allows the determination of the total flow from a given sea surface 
topography instead of just the geostrophic contribution and it is also well-behaved in low 
latitudes and across the equator in computing the circulation. The method is based 
upon calculating characteristic stream functions for the flow field in a basin of a given 
geometry via the solutions of a homogeneous elliptic equation. These stream functions 
are then used to solve an inhomogeneous linear balance equation to derive a set of 
height field functions appropriate to the given basin. In terms of these characteristic 
functions for the stream function and the height fieid, it is possible to show from a 
theoretical basis that the expansion coefficients in the representation of an arbitrary sea 
surface topography and the associated flow field are identical. Hence, a given sea 
surface topography over a basin can be expanded in terms of the height field functions 
to objectively analyze the field, calculate the expansion coefficients in a least squares 
sense, and synthesize the total flow using these coefficients with the stream function 
modes. 

The method has been applied to an ideal rectangular ocean on a beta-plane with 
excellent results. These results have been written up. Calculations are also completed 
for a constant depth wind-driven circulation for the Atlantic-Indian Ocean basin 
geometry, and calculations are underway to obtain the characteristic functions with 
real-bottom topography taken into account. 
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COV? I TTEE ON CL I I'AT I C CHPJ\:GES AND THE OCEAN 

Roger Reve l le  
U n i v e r s i t y  o f  Ca l i f o rn ia ,  San Oiego 

9-060, La Jo l la ,  C a l i f o r n i a  92093 
619/452-4849 

The committee on C l i m a t i c  Changes and t h e  Ocean (CCCO) i s  sponsored 
j o i n t l y  by t h e  Inter5overnmental Oceanographic Commission (IOC) of 
UNESCO and t h e  S c i e n t i f i c  Committee on Oceanic Research (SCOR) o f  t h e  
In te rna t i ona l  Council of S c i e n t i f i c  Unions, (ICSU), I t  works i n  
cooperation w i t h  t h e  J o i n t  S c i e n t i f i c  Committee (JSC) of tlhe l i o r l d  
f4eteorological Organizat ion W ; O )  and ICSU. Together w i t h  JSC, t h e  CCCO 
i s  responsib le  for p lanning oceanic aspects of t h e  IJorId Climate 
Research Program (WCRPI , 

The CCCO hss i n i t i a t e d  two major ocean studies-TOGA and !IOCE. TOGA i s  
concerned w i t h  t h e  e f f e c t s  on t h e  g loba l  atmosphere of v a r i a b i l i t y  i n  
t h e  t r o p i c a l  oceans, !:'OCE, W o r l d  Ocean C i r c u l a t i o n  Experiment) i s  
concerned w i t h  t h e  g loba l  ocean c i r c u l a t i o n  and t h e  t rans format ion  of 
water masses. I n  both programs ocean-observlng s a t e l l i t e s  will p lay  an 
essent ia l  role, supplemented and c a l i b r a t e d  by ocean sur face and 
subsurface measurements from research vessels, d r i f t i n g  and anchored 
buoys, sh ips o f  oppor tun i ty ,  anti f i x e d  observa tor ies  f o r  measuring sea 
leve l  on is lands  and coasts. 

The CCCO he ld  i t s  seventh session i n  Paris, 14 t o  21 January 1986. A t  
t h i s  meeting it considered t h e  implementation p lan  f o r  t h e  I's'orld Climate 
Research Program and t h e  preparat ions f o r  t h e  f i r s t  W;O/IOC 
intergovernmental informal p lanning meeting for  KCRP i n  flay 1986. The 
d iscuss ion i n  t h e  p lanning meeting will be based i n  p a r t  on four  major 
p lanning items produced dur ing  1985 w i t h  CCCO p e r t i c i p a t i o n :  t h e  TOGA 
s c i e n t i f i c  plan; t h e  TOGA implementation plan; t h e  1'iOCE s c i e n t i ' f i c  plan; 
and t h e  \?CRP implenentation plan. The conmitteee a l s o  recelved a 
proposal from i t s  C02 adv isory panel f o r  a g loba l  ocean carbon research 
and mon i to r ing  program. It agreed t h a t  t h e  ocean's r o l e  i n  determining 
t h e  atmospheric content  of  carbon d iox ide  i s  an essent ia l  element of t h e  
c l ima te  problem, and it accepted r e s p o n s i b i l i t y  for  s tud ies  of t h e  
changing carbon d iox ide  conten t  of t h e  ocean on c l i m a t i c  t ime  scales, 

The committee a l s o  received a r e p o r t  o f  i t s  committee on 
paleocl imatology. I t recognized t h a t  pa leoc l ima t i c  measurements imposed 
r e s t r a i n t s  on present  c l i m a t i c  models; abrupt  c l i m a t i c  changes are 
considered p a r t i c u l a r l y  important as a re  data on seasonal, interannual 
and decadal c l ima te  v a r i a t i o n s  i n  t h e  past. There was a l s o  an extens ive 
d iscuss ion and recommendations f o r  long-renye mon i to r ing  of t h e  secular 
change i n  sea level, w i t h  an attempt t o  separate s t e r i c  from mass 
changes i n  t h e  Ocean waters and both from changes i n  t h e  p o s i t i o n  o f  t h e  
measuring gauges. F ina l l y ,  p lanning and development of ocean observing 
programs for c l i m a t e  research was reviewed and discussed, p a r t i c u l a r l y  
ac t i ons  taken by IOC and til-10 i n  response t o  t h e  Ocean Observing System 
Development Program. 
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TOPEX RADAR ALTIMETER ADVANCED TECHNOLOGY MODEL 

Laurence C. Ross i  
NASA/Goddard Space F l i g h t  Center ,  Wallops F l i g h t  F a c i l i t y  

Wallops I s l a n d ,  VA 23337 
(804) 824-3411 o r  FTS 928-5590 

Long Term I n t e r e s t s :  To develop t h e  s p a c e f l i g h t  q u a l i f i e d ' R a d a r  A l t i m e t e r  
and r e l a t e d  sensor  and geophysical  d a t a  reduct ion  a lgor i thm s p e c i f i c a t i o n s  
f o r  t h e  Jet Propuls ion  Laboratory (JPL) Ocean Topography Experiment (TOPEX) 
P r o j e c t ,  t o  v e r i f y  t h e  on-orbit  performance of t h i s  instrument ,  and t o  
p a r t i c i p a t e  i n  t he  v a l i d a t i o n  of t h e  TOPEX geophysical  d a t a  t o  be r e l eased  
t o  t h e  sc i ence  community. 

Spec i f i c  Object ives:  In t h e  pre-project  era t o  p a r t i c i p a t e  wi th  JPL's 
TOPEX Development F l i g h t  P r o j e c t  Of f i ce  i n  t h e  planning and s tudy  a c t i v i t y  
a s soc ia t ed  wi th  ob ta in ing  approval  f o r  t h e  TOPEX F l i g h t  P ro jec t .  To des ign  
and develop a breadboard Radar A l t i m e t e r  capable  of demonstrating t h e  TOPEX 
2-centimeter p r e c i s  ion measurement requirement t o  remove "Risk" from t h e  
F l i g h t  P ro jec t .  To provide JPL information f o r  c a l i b r a t i o n  of t h e  TOPEX 
Radar A l t i m e t e r  and the. planned da ta  processing a lgor i thms,  and t o  assist 
them i n  t h e  development of an o v e r a l l  TOPEX mission plan. To e s t a b l i s h  
r e source  estimates f o r  t h e  TOPEX F l i g h t  P r o j e c t  Radar A l t i m e t e r ,  i ts asso- 
c i a t e d  d a t a  process ing  a lgor i thm development, and f l i g h t  mission support .  

Approach: The s t r i n g e n t  2-centimeter p r e c i s i o n  requirement f o r  ocean to- 
pography de termina t ion  necess i t a t ed  examining t h e  a p p l i c a b i l i t y  of e x i s t i n g  
Radar A l t i m e t e r  des igns  f o r  t h e i r  a p p l i c a b i l i t y  towards TOPEX. A s  a r e s u l t ,  
a system conf igu ra t ion  has  evolved us ing  some f l i g h t  proven designs i n  con- 
j u n c t i o n  wi th  needed improvements, i.e., a second frequency o r  channel t o  
remove t h e  range de lay  o r  apparent  he igh t  b i a s  caused by t h e  e l e c t r o n  
conten t  of t h e  ionosphere,  h igher  t r a n s m i t  pu l se  r e p e t i t i o n  f requencies  
f o r  c o r r e l a t i o n  b e n e f i t  a t  h igher  sea s t a t e s  t o  maintain p rec i s ion ,  and a 
f a s t e r  microprocessor t o  accommodate two channels of a l t i m e t r y  data .  
Add i t iona l ly ,  an examination of t he  a s soc ia t ed  d a t a  processing a lgor i thms 
r equ i r ed  t o  support  a TOPEX-class Radar A l t i m e t e r  w a s  undertaken t o  es tab-  
l i s h  t h e  u t i l i t y  of t h e  then cu r ren t  Radar A l t i m e t e r  d a t a  process ing  
algorithms. 

Current  S ta tus :  The TOPEX Advanced Technology Model Radar A l t i m e t e r  under 
development by The Johns Hopkins Univers i ty/Applied Physics  Laboratory ( J H U /  
APL) over  t h e  p a s t  3 years  is nea r ly  complete, wi th  f i n a l  t e s t i n g  t o  be 
accomplished i n  June 1986. Earlier t h i s  yea r ,  t e s t i n g  a t  t h e  subsystem 
l e v e l  of t h e  Radar A l t i m e t e r  provided convincing evidence t h a t  2 cent imeter  
p r e c i s i o n  a l t i m e t r y  is indeed achievable  f o r  t h e  TOPEX Mission. A radio-  
frequency compa t ib i l i t y  test with t h e  TOPEX Radiometer Engineering Model 
has  been e s t a b l i s h e d  f o r  A p r i l  1986 t o  a s c e r t a i n  whether any harmonic 
f requencies  from t h e  Radar A l t i m e t e r  C-Band channel  w i l l  i n t e r f e r e  wi th  t h e  
21 and 37 g igahe r t z  channels of t h e  Radiometer. A d e t a i l e d  Radar A l t i m e t e r  
Pre-Project Algorithm Freeze Report has  been prepared and d i s t r i b u t e d .  The 
c o n t r a c t u a l  documentation f o r  u s e  between JHU/APL and NASA f o r  t h e  develop- 
ment of t h e  F l i g h t  P r o j e c t  Radar A l t i m e t e r  is being e s t ab l i shed .  
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S A R  AND MICROWAVE REMOTE SENSING OF SEA ICE 

Drew Rothrock 
Applied physics Laboratory 
University of Washington, 

Seattle, WA 98195 
206-545-2262 

Long-Term Interests: Our work is directed towards sea ice dynamics, ocean dynamics 
and the remote sensing of the surface of polar oceans. We wish to apply satellite 
observations to climatological studies of ice mass and momentum balance, and ocean 
circulation and water mass formation; to make the geophysical data derived from satellite 
sensors more easily accessible, and more accurate; and to maximize geophysical 
information that can be derived from multiple satellites and sensors. 
Objectives: The goals of this research are to be prepared to extract useful geophysical 
data when ERS-1 and other SAR satellites are launched, and to demonstrate the 
applicability of these data to polar scientific problems. Our immediate objectives are: to 
develop techniques to extract ice velocity, concentration and concentration change from 
imagery; to describe spatial and temporal statistics of ice velocity and concentration for 
development of efficient SAR sampling schemes; to investigate the relation between ice 
deformation and concentration change; to use non-continuum models of ice velocity for 
the interpretation of spatially detailed data available from SAR; and to study the ice mass 
and momentum balances with ice kinematic and concentration data, and geostrophic 
wind data. 
Approach: This research relies on the availability of high resolution SAR imagery from 
SEASAT, the Space Shuttle, and aircraft. Digital image processing is a central tool for 
developing automated methods for extracting geophysical data from imagery. Much of 
the research relies on measuring ice displacement with high spatial resolution; we have 
measured displacement over 100 km square scenes on a grid of points 2.2 km apart. 
Hence, high geometric fidelity of the images is crucial. Such observations show intimate 
details of the ice velocity field, provide a very accurate estimate of mean deformation, 
and allow area change of individual leads to be measured. 
Status: Our algorithm for ice displacement is based on cross-correlations between small 
areas of two images. It performs well on rigid, slowly rotating pieces of ice characteristic 
of central arctic winter pack. Improvements in deforming and fragmented ice are being 
explored. Spatial statistics show that ice velocity has no spatial derivative, although 
mean deformation over areas on order 100 km square can be defined, and its spatial 
variability measured. Observations of open water formation and loss and their relation to 
deformation have been made from SAR images. Each pixel is classified as ice or open 
water. The image is subdivided into many small areas, and the changes in the number of 
pixels of open water are counted in each area. All increases and decreases are separately 
summed. The mean deformation of the image is measured. Comparison is made with 
parameterizations of open water change used in ice models. The analysis is in progress; 
we are presently evaluating the accuracy of the method. 
This research is jointly supported by NASA and the Office of Naval Research 
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COUPLED OCEAN - ATMOSPHERE DYNAMICS 

Paul S. Schopf, Laboratory f o r  Oceans 
Max J. Suarez, Laboratory f o r  Atmospheres 

Code 671, Goddard Space F l i g h t  Center 
Greenbelt , MD 20771 (301) 344-7428 

Long Term In te res ts :  
i n t  erannual and 1 onger t i  mescal es . I n t e r a c t i o n  between ocean and atmosphere on 

Objectives: The o b j e c t i v e  o f  t h e  present study i s  t o  r e f i n e  and 
v e r i f y  our theory f o r  t h e  t r o p i c a l  ocean/ atmosphere vaci 11 a t i  on known 
as t h e  E l  Nino/Southern O s c i l l a t i o n  (ESNO). We are  t u r n i n g  our 
i n t e r e s t  t o  t h e  quest ion o f  how t h e  annual cyc le  a f f e c t s  t h e  ENSO 
behavior, how ENSO may work as t h e  primary mechanism i n  long term 
mean heat expor t  from t h e  t r o p i c a l  ocean, and how t h e  P a c i f i c  i n t e r a c t s  
w i t h  t h e  o ther  oceans through t h e  g lobal  atmosphere. 

Approach: A numeri ca l  model s i  mu1 a t i  on o f  t h e  coup1 ed ocean-atmosphere 
l e d  t o  v a c i l l a t i o n  w i t h  a spec t ra l  charac ter  very s i m i l a r  t o  observa- 
t ions .  The model has l e d  t o  much s impler  t h e o r e t i c a l  paradigms which 
can be so lved r e a d i l y ,  i d e n t i f y i n g  t h e  non- l inear  o s c i l l a t o r  a t  work. 
The d e t a i l s  o f  t h e  o s c i l l a t o r  a re  be ing f u r t h e r  explored through more 
det a i  1 ed model s and theory. 

Current Status: The o s c i l l a t o r  has been discovered t o  operate v i a  
unstable coupled Ke lv in  waves i n  the  cen t ra l  t o  eastern p o r t i o n  o f  
t h e  basin, which prov ide  t h e  bas ic  energy i n p u t  t o  t h e  v a c i l l a t i o n s .  
The p e r i o d  i s  se t  by t h e  r a d i a t i o n  o f  uncoupled oceanic Rossby waves 
t o  t h e  west and t h e i r  r e f l e c t i o n  from t h e  western boundary, together  
w i t h  a non- l inear  l i m i t a t i o n  on t h e  growth o f  t h e  uns tab le  mode. The 
r e s u l t a n t  system o s c i l l a t e s  w i t h  a p e r i o d  several t imes longer  than t h e  
waves t r a n s i t  time. 

I n  our so lu t ions ,  no annual c y c l e  was present i n  t h e  ex terna l  f o r c i n g  
( t h e  s o l a r  r a d i a t i o n  f i e l d ) ,  y e t  t h e  system v a c i l l a t e s  because o f  t h e  
non- l inear  o s c i l l a t i o r .  We are  examining how t h e  annual c y c l e  d i s tu rbs  

opera t ive  mechanism. We are  c u r r e n t l y  conducting f u r t h e r  i n v e s t i g a t i o n s  
t o  determine t h e  r o l e  o f  v e r t i c a l  s t ruc tu re ,  l a r g e  sca le  heat  f l u x e s  and 
t h e  annual c y c l e  i n  mod i fy ing  t h e  behavior o f  t h e  system. The ocean 
model i s  be ing updated t o  i nc lude  many laye rs  i n  t h e  v e r t i c a l ,  and 
add i t i ona l  phys ics a re  being added t o  t h e  atmosphere model. 

o r  phase-locks t h e  o s c i l l a t o r ,  w i thout  s u b s t a n t i a l l y  a l t e r i n g  t h e  I 
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Bio-Optics, Photoecology, and Remote Sensing of Gulf Stream 
Warm Core Rings and the Southern California Bight 

Dr. Raymond C. Smith 
UCMBO, Department of Geography 

University of California at Santa Barbara 
Santa Barbara, CA 9310G 

(805)96 1-2G 18 
Long Term Objectives 

The long term objectives of this research are: to study the fundamental 
processes influencing the distribution and variance of phytoplankton biomass; to con- 
tinue the development and utilization of multiplatform (ship, aircrafi, and satellite) 
sampling strategies for the study of ocean processes; to optimize these sampling tech- 
niques for the estimation of regional and global phytoplankton biomass; and to 
increase our understanding of the interrelationshipa between physical and biological 
processes in the upper layers of the ocean. 
Specific Objectives 

Specific objectives include the continued quantitative assessment of the spatial 
and temporal variability of chlorophyll in the Southern California Bight (SCB) and 
within Gulf Stream Warm Core Rings (WCR) and their environs. Ship, aircraft and 
satellite data are being used to investigate: the statistics of multiplatform sampling 
strategies; the physical and biological processes leading to chlorophyll variability 
(Joyce et.a1.,1984; Evans et.al., 1985; Smith and Baker, 1985) and primary produc- 
tivity (Brown et.al., 1985); and the relationship of this variability to the distributions 
of organisms at higher trophic levels (Dunlap, 1985; Smith et.al., 1986). 
Approach 

Our approach is to quantitatively describe and mathematically model the 
marine photoenvironment and the corresponding bieoptical ocean properties in order 
to optimize the accuracy of multiplatform sampling. This includes: the development 
of state-of-the-art shipboard oceanographic equipment and methodologies (Smith et. 
al, 1984); the development of data handling procedures for the merging of contem- 
poraneous ship and remotely sensed data (Smith and Baker, 1984,1986); the develop- 
ment of models with which to link chlorophyll concentrations and the subsequent opt- 
ical properties; the development of numerical models for the assessment of flow fields 
from remotely sensed data (Stow, 1985); and the quantitative analysis of ship and 
satellite time series data. Our research also emphasizes collaborative work with 
several universities and NASA research groups. 
Status 

For the SCB we are working to improve techniques for assessing regional phyto- 
plankton biomass and primary productivity (Smith, 1984) and are in the process of 
analyzing several years of CZCS and ship data in order to provide a pigment time 
series for this region. An article describing the mesoscale ecology of cetacea in the 
California Current has been accepted for publication (Smith et. al., 1986), a thesis 
describing the abundance and distribution of cetacea in the California Current system 
as observed from ship and satellite data has been completed (Dunlap, 1985) and is 
being prepared for publication. For our research in WCR several articles have been 
published (Joyce et.al., 1984; Evans et.al., 1985; Brown et.al., 1985; Smith and Baker, 
1985) and others are in progress. 
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RADAR STUDIES OF THE SEA SURFACE 

Robert H. Stewart 
Jet  Propulsion Laboratory, 169-236 

4800 Oak Grove Drive 
Pasadena, CA 91109 

(818) 354-5079, FTS 792-5079 

Long-Term Interests: Radio signals scattered from the sea surface carry infor- 
mation about processes operating at the surface and about undersea phenomena 
which influence the surface. My long-term interest is to  use radio signals to  
study surface waves, geostrophic currents, winds and oceanic rainfall. 
Specific Objectives (Satellite Oceanography): The usefulness of satellite 
data depends to a great extent on the degree with which the user community 
understands satellite measuring techniques, their accuracies, and their applicabil- 
ity. To contribute to this understanding, I have completed a review of the 
results of the Seasat mission. The results were summarized in a Nasa report, and 
were the basis for a one day meeting at the Jet Propulsion Laboratory. The 
satellite has revolutionized our ability to observe the sea from space, and has con- 
tributed to  our understanding of the ocean, especially marine geophysics. 
(Oceanic Rainfall): The development of techniques for remotely measuring oce- 
anic rainfall is hampered by a lack of accurate means for calibration. Rain 
gauges on ships are notoriously inaccurate, and shipborne radars are expensive 
and not sufficiently developed to yield accurate measurements. Noise produced 
by rain falling on the sea offers a new method for calibrating rain rate. A gradu- 
ate student working with me at the Scripps Institution of Oceanography, J. N y 5  
tuen, has developed a theory of rain-induced noise, based partly on numerical 
computations, that explains many of the features in the spectra of rain noise that 
he has measured in a laboratory tank, in a lake, and in the ocean. He finds a 
useful correlation between noise and rain rate; and, based on this work, the 
Scripps Institution of Oceanography has awarded Nystuen a doctoral degree. 
(Geostrophic Currents): 1 a m  at present the development flight project scien- 
tist for Topex/Poseidon, a proposed new altimetric satellite for measuring surface 
geostrophic currents (see Yamarone: TOPEX). 
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MICROWAVE REMOTE SENSING MEASUREMENTS 
OF OCEANS AND I C E  

P r i n c i p a l  I n v e s t i g a t o r :  Calvin T. Swift 
Department o f  VElectrical 

Univers i ty  o f  Massachusetts 
Amherst, MA 01003 
(41 3) 545-21 36 

Computer Engineer ing 

Long Term I n t e r e s t s ;  To i n v e s t i g a t e  t h e  physics  of r a d i o m e t r i c  emis- 
s i o n  a n d  radar  backsca t te r  from t h e  ocean and sea ice and t o  develop 
good q u a l i t y  a lgo r i thms  t o  quan t i fy  the geophys ica l  parameters. 

S p e c i f i c  Object ives:  ( 1  ) Analyze  a v a i l a b l e  a i r c r a f t  and s a t e l l i t e  
microwave remote s e n s i n g  data f o r  developing improved a lgor i thms t o  en- 
h a n c e  i n t e r p r e t a t i o n  of d a t a  tha t  w i l l  be c o l l e c t e d  by new sa t e l l i t e  
systems. (2)  Conduct f i e l d  experiments  u s i n g  o u r  own r e m o t e  s e n s i n g  
systems t o  observe emiss ion  and s c a t t e r i n g  processes  i n  connect ion wi th  
s u r f a c e  t r u t h .  

Approach: We are cont inuing  t o  process SeaSat data t o  develop improved 
a lgor i thms t o  q u a l i f y  sea ice. Weather c o r r e c t i o n  of SMMR da t a  i s  o n e  
example of a lgo r i thm improvement. We now have a weather c o r r e c t i n g  al-  
gorithm i n  place which s i g n i f i c a n t l y  i m p r o v e s  t h e  s e a  i c e  r e t r i e v a l ,  
p a r t i c u l a r l y  i n  t h e  m a r g i n a l  ice zone. As a direct  f a l l - o u t  of t h i s  
research, we have been asked t o  modify the algorithm t o  produce s u r f a c e  
winds from SSM/I data and t o  v e r i f y  t h e  r e s u l t s  a f te r  launch  by  compar- 
i ng  t h e  SSM/I w i n d s  w i t h  buoy winds .  S i m i l a r l y ,  we have  a n a l y z e d  
SeaSat scatterometer da ta  col lected o v e r  t h e  p o l a r  r e g i o n s  and have 
developed a theory which seems t o  model  t h e  e x p e r i m e n t a l  d a t a  q u i t e  
well. 

As ano the r  a c t i v i t y ,  we are con t inu ing  t o  develop a more a c c u r a t e  
windspeed  model f o r  radiometric e m i s s i o n  f o r  t h e  sea. We are i n  a 
u n i q u e  p o s i t i o n  t o  do t h i s  b e c a u s e  o u r  C-Band S t e p p e d  F r e q u e n c y  
M i c r o w a v e  R a d i o m e t e r  (SFMR) p a r t i c i p a t e s  each year i n  t h e  N O A A  
Hur r ic  ane ex per i me n ts . 
S t a t u s :  A M.S. thes i s  d e s c r i b i n g  the  weather c o r r e c t e d  a lgo r i thm is i n  
t h e  f i n a l  stages of completion. The a lgor i thm n o t  o n l y  improves  t h e  
remote sens ing  estimates of sea ice type ,  bu t  it a l s o  d e r i v e s  other en- 
vironmental  parameters such  as ocean windspeed  a n d  atmospheric water 
vapor  c o n t e n t .  When complete, t h e  thesis  w i l l  be  d i s t r i b u t e d  t o  the  
sea ice  community. 

The SFMR p r o v i d e d  real-time ocean  s u r f a c e  windspeeds dur ing  t h e  
1985 Hurr icane  season ,  and t h e  r e s u l t s  p o i n t e d  t o  a s i g n i f i c a n t  i m -  
provement i n  the windspeed algorithm. 
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DETERMINATION OF OCEAN CIRCULATION 
AND ?HE GEOID USING SATELLITE ALTIMETRY 

Chang-Kou Tai 

La Jolla, California 92093 

- 

Scripps Institution of Oceanography A-030 ' 

(619) 452-6358 

Long-Term Interests: Using satellite altimetry to investigate (1) 
large-scale (basin-scale at this moment) ocean circulation, (2) 
the geoid, (3) large-scale oceanic variability, and (4) mesoscale 
variability. 

Objectives: (1) To produce a global geoid estimate by removing 
the dynamic topography (derived solely from hydrographic data) 
from the altimeter derived mean sea surface. (2) To estimate how 
much the dynamic topography (derived solely from hydrography) is 
in error. ( 3 )  To devise specific methods to remove the orbital 
error in the recovery of basin-scale dynamic topography and oce- 
anic variability from satellite altimetry. 

Amroach: Given the altimeter derived mean sea surface and the 
dynamic topography from hydrographic data, one can estimate the 
global geoid (up to certain harmonic degree) from regional data, 
such as the Pacific region. If another global geoid estimate is 
derived from data outside the Pacific, the difference of these two 
estimates gives us an estimate of the uncertainty in hydrography 
(such as the level of no motion assumption). As a prerequisite, 
the orbital error (which significantly affects the gross shape of 
the altimeter derived mean sea surface) must undergo a rigorous 
inve s tiga tion. 

Status: (1) The effect of the orbital error is reported in Tai 
and Fu (1986). ( 2 )  It appears the broad slope of the dynamic 
topography derived from hydrography is definitely in error. How- 
ever, any definitive conclusions must wait for a rigorous error 
analysis. 
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SYNTHETIC APERTURE RADAR IMAGE PROCESSING FOR TRACKING, DISPLAY AND 
PREDICTION OF SEA ICE DYNAMICS 

P r o f .  John  F. Vesecky ( P r i n c i p a l  I n v e s t i g a t o r )  (415)  723-2669 
P r o f .  Ronald  N. B r a c e w e l l  ( C o - I n v e s t i g a t o r )  ( 4 1 5 )  723-3545 

STAR Lab, E l e c t r i c a l  Eng. Dept., S t a n f o r d  Univ. ,  CA 94305 

a-Term S c i e n  n t e r e s t  : Sea  ice c o v e r s  some 2Ox1O6 km2 o f  t h e  . .  
o c g n  s u r f a c e  inf%ncing weath& and climate, b o t h  l o c a l l y  a n d  g l o b a l l y .  
It i s  a l s o  a dominant  f a c t o r  a t  h i g h  l a t i t u d e s  f o r  b o t h  commercial and 
m i l i t a r y  a c t i v i t i e s .  The i m p o r t a n c e  a n d  y a r i a b i l i t y  o f  sea ice, c o u p l e d  
w i t h  t h e  h a z a r d s  a n d  d i f f i c u l t i e s  o f  in s i t u  o b s e r v a t i o n s  make a i rc raf t  a n d  
s a t e l l i t e  remote s e n s i q g  o f  sea ice c o s t  e f f e c t i v e  as w e l l  as v a l u a b l e .  

a p e r t u r e  r a d a r  (SAR), s u c h  as i n s t r u m e n t s  aboard t h e  SEASAT (NASA), 
ERS-1 (ESA) AND RADARSAT (Canada)  s p a c e c r a f t ,  provides a n  e x c e l l e n t  means 
f o r  o b s e r v a t i o n  o f  sea ice mot ion  a n d  d e f o r m a t i o n .  Radar images c a n  be 
c o l l e c t e d  d a y  or n i g h t  a n d  t h r o u g h  c l o u d s ,  t h u s  g i v i n g  SAR s i g n i f i c a n t  
a d v a n t a g e s  o v e r  p h o t o g r a p h y .  NASA i s  p l a n n i n g  to i n s t a l l  a t r a c k i n g  
s t a t i o n  a t  F a i r b a n k s ,  A l a s k a  t o  receive SAR sea ice data from t h e  ERS-1 
s a t e l l i t e  ( 1 9 8 9 ) .  However, t r a c k i n g  sea ice f e a t u r e s  over a series o f  co- 
spa t i a l  images s e p a r a t e d  i n  t i m e  i s  a t e d i o u s  and t i m e  consuming p r o c e s s  t o  
d o  manual ly ,  e v e n  when computer  assisted. The objective o f  t he  research 
reported h e r e  i s  t o  a u t o m a t i c a l l y  i d e n t i f y  a n d  t r a c k  f e a t u r e s  i n  sea ice 
images i n  order t o  observe (and  u l t i m a t e l y  f o r e c a s t )  sea ice m o t i o n  a n d  
d e f o r m a t i o n .  

B e s e a r c h  ADD-: The f u n d a m e n t a l  data set i s  a pair  o f  SAR images o f  
t h e  same g e o g r a p h i c a l  r e g i o n  c o l l e c t e d  a f e w  d a y s  apart. These  images are 
a b o u t  100  km s q u a r e  a t  25  m. r e s o l u t i o n .  The f i r s t  step i s  a n  a v e r a g i n g  
process t o  r e d u c e  t h e  r e s o l u t i o n  a n d  make t h e  number o f  sample p o i n t s  more 
tractable. Two approaches f o r  s u b s e q u e n t  p r o c e s s i n g  are b e i n g  
i n v e s t i g a t e d .  The .first c o n c e n t r a t e s  on a p a r t i c u l a r  t y p e  o f  f e a t u r e ,  
namely l e a d - f l o e  b o u n d a r i e s .  SAR images of  sea ice are r e d u c e d  t o  a 
c o l l e c t i o n  o f  s u c h  f e a t u r e s ,  t h u s  r e d u c i n g  t he  s e a r c h  space. F o r  example,  
a 16,000 p o i n t  image would be r e d u c e d  t o  a set o f  a b o u t  <lo0 f e a t u r e s ,  e a c h  
c o n t a i n i n g  some t e n s  o f  p o i n t s .  Leads are a l l o w e d  t o  expand o r  c o n t r a c t  by  
appropriate c u t t i n g  of l e a d - f l o e  b o u n d a r i e s .  Boundary segments  are 
c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  s u i t a b i l i t y  f o r  u s e  as t r a c k i n g  f e a t u r e s  ( t i e  
p o i n t s ) .  A g u i d e d  c o r r e l a t i o n  scheme i s  u s e d  t o  s e a r c h  a ' test '  image f o r  
m a t c h i n g  boundary  f e a t u r e s .  Ice v e l o c i t y  a n d  d i s t o r t i o n  estimates are 
o b t a i n e d  by c o n s i d e r i n g  t h e  d i s p l a c e m e n t  and  r o t a t i o n  o f  f e a t u r e s ,  

h i e r a r c h i c a l  c o r r e l a t i o n .  An image i s  f i r s t  h i g h l y  averaged t o  lower t h e  
r e s o l u t i o n  a n d  make a s t r a i g h t f o r w a r d  b l o c k  c o r r e l a t i o n  a l g o r i t h m  tractable 
i n  terms of  c o m p u t a t i o n  t i m e .  The ice v e l o c i t y  f i e l d  e s t a b l i s h e d  from t h e  
l o w  r e s o l u t i o n  c o r r e l a t i o n  i s  t h e n  u s e d  t o  g u i d e  f u r t h e r  c o r r e l a t i o n s  a t  
h i g h e r  r e s o l u t i o n .  R e s u l t s  o f  t h e s e  two f u n d a m e n t a l l y  d i f f e r e n t  a p p r o a c h e s  
are t o  be compared w i t h  t h e i r  s t r e n g t h s  a n d  weaknesses  n o t e d .  

summarized as f o l l o w s :  

& s e a r c h  Tgsk Obiectives:  Remote s e n s i n g  from sa t e l l i t e  s y n t h e t i c  

The s c o n d  aDwroach i n v o l v e s  an image p r o c e s s i n g  a l g o r i t h m  called 

merit St-: P r o g r e s s  on t h e  f i r s t  ice t r a c k i n g  a p p r o a c h  c a n  be 

1. Lead-f loe  b o u n d a r i e s  i d e n t i f i e d  i n  SAR images 
2 .  Lead-f loe  boundary  segments  c l a s s i f i e d  
3. C o r r e l a t i o n  a l g o r i t h m s  ( t o  match  image f e a t u r e s )  developed 
4 .  C o r r e l a t i o n  a l g o r i t h m s  g i v e n  first-order tests on  real SAR data 
5. A l g o r i t h m  improvements  now underway 

P r o g r e s s  on t h i s  approach u a s  reported a t  t h e  North American R a d i o  S c i e n c e  
m e e t i n g  i n  June ,  1985.  Th i s  r e s e a r c h  i s  a l so  s u p p o r t e d  by t h e  O f f i c e  o f  
Naval R e s e a r c h .  
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MULTI-PROPERTY MODELING IN TWO-DIMENSIONS OF 
OCEAN CARBON FLUXES 

Tyler Volk 
Department of Applied Science 

New York University 
N.Y., N.Y. 10003 

(2 12) 598-206 1 O r  598-2472 

Lona-Term Interests: Ultimately, t o  quantify the role of the marine 
biosphere as an agent in the global ocean's chemistry and therefore as 
a participant in the earth system. This work involves modeling of 
major biogeochemical properties on an ocean basin or global ocean 
scale, with emphasis on carbon fluxes and on coupling surface and 
deep (below surface) ocean properties to  each other. 

Ob1 ec t ives To simulate ocean bi ogeochem i cal property d f s t ri but ions 
for the deep ocean along with surface chlorophyll concentrations for 
comparison to  GEOSECS property distributions for the Atlantic and 
Pacific Oceans and CZCS large-scale patterns of surface chlorophyll 
concentrat ions. 

Noroach A two-dimensional , meridional model incorporating 
mixing processes and bottom water formation will be constructed. It 
includes internal source terms for organic tissue oxidation and 
calcium carbonate dissolution. For surface chlorophyll concentration 
prediction, biological processes (such as growth rates and grazing) 
and physical processes (such as horizontal and vertical advective and 
diffusive circulations) w i l l  be mathematically resolved at a 
comparable level. Two-dimensional profiles of total carbon dioxide, 
dissolved oxygen, nitrate, carbon-14, alkalinity and silicate w i l l  be 
produced to ensure a1 1 the biologically-modif ied properties for which 
we possess global data are modeled as a system. 

Status: This research just began under the Interdisciplinary Research 
Program in Earth Science: Ocean Basin Carbon Fluxes. A manuscript 
has been submitted, "Temperature vs. nutrients as factors creating 
large-scale ocean surf ace anomalies of pC02". 
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Edward J. Walsh 
MlsA Goddard Space night center, Wallops Flight Facility 

Wallops Isld, VA 23337 
(804). 824-3411 ext.526 or FTS 928-5526 

Inns-Term Interests: To use the perfectly registered maps of 
tcpgr@~y aril radar backscattered pcrwer derived frcan the Surface 
Contour Radar ( S a )  to: (1) measure oceanographic parameters 
directly, and (2) evaluate the ability of satellite systems to 
rneasUreth€%lZE?lWtdy. 
Obiectives: Improve on the SCR data processing techniques and 
establish its credibility in the ocexqraphic ccmuniw. Analyze 
data fram the SIR-B and NOAA m i c  Cyclone I;sq?erbenks. 
&mmch: SCR data will be compared w i t h  in-situ sensors, other 
nemte sensors, and the results of SinuiLations and mdels. 
Status: The SCR is now a mature instnnnent which is viewed as a 
standard in the oceanographic carmnunity. Walsh et al. (1985a) 
established the credibility of the SCR and demonstrated the 
limitations of pitch-and-roll buoys. In October 1984 the SCR 
documented the directional wave spectnrm on a series of flights 
off the tip of Sou th  America in flzpport of the SIR-B experiment. 
Tne agreement in the directional wave spectra among the SCR, the 
Radar Ocean Wave Spectrometer (ROWS) and SIR-B was remarkable 
(Beal et al., 1986). The SCR data processing techniques are be- 
continually imprwed (Walsh et al., 198533) and the SCR observa- 
tions are start- to mdke a major impact on the field of ocean- 
cgraphy. n’rere are significant disparities m n g  the gracrth rates 
measured by in-situ investigators for fetch-limited waves. The 
SCR is being used to examine the reasonableness of the various 
growth rates and is leading to new insights into the manner in 
which waves are generated. Analysis of SclR data (Fedor, L.S., 
E.J. Walsh, I). Cavalieri, 1986: Observation of sea ice using the 
36 GHz Surface Contour Radar. IEEE Trans. Geoscience and 
Remote Senshq,  sukdtted for publication) frcnu the NOM Arctic 
Cyclone Experhint of January 1984 on the sxtterhq and tcrpOgra- 
phic characteristics of the sea ice off the coast of Greenland 
indicates that the SCR could play an hgortant role in ice studies 
such as MIZEX. Electromagnetic (EM) bias is one of the major 
uncertainties in the %YIPEX altimeter emor budget since no open 
ocean mRasuremMts of it have been made at either of the or C- 

SCR to measure the ocean surface topography in two dimensions 
while the backscattered power would be mxsured simultaneausly at 

bard operating frquencies of mm. Plans are being made % or the 
optical (AOL) , Ka band (SCR), 
scattermeter) to determine 
simultaneausly. / 

(ROWS) and C band (UMASS 
at all four frequencies 
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Simulation Analysis of Non-stationary CZCS 
Time Series from Continental Shelves 

John J. Walsh 
Department of Marine Science 
University of South Florida 

St. Petersburg, Florida 33701 
(813) 893-9164 

Long-Term Interest: The role of continental margins in the global 
transfer of carbon and nitrogen among their atmospheric, terres- 
trial, and oceanic reservoirs. 

Objective: To analyze CZCS time series of the spring bloom 
(February-May) , between 1979 to 1984, within shelf and slope 
waters of the mid-Atlantic Bight, in order to accurately specify 
the seasonal and interannual carbon and nitrogen fluxes from 
estuaries to oceanic waters. 

Approach: CZCS images from the mid-Atlantic Bight are too infre- 
quent for the necessary daily sampling interval to resolve algal 
(0.5 day-') and wind event (0.2 day ) contributions to changes in 
phytoplankton biomass detected by successive overflights of the 
NIMBUS-7. Simulation analysis of seasonal phytoplankton response 
to daily changes in wind forcing, nutrient resupply, grazing and 
sinking losses are being used to interpolate the CZCS time series. 
Between January and July 1979, for example, only 45 images are 
available for the mid-Atlantic Bight, constituting a 25% data 
recovery, irregularly spaced in time. Drs. Otis Brown and 
Bob Evans of RSMAS, University of Miami, are processing the 1979- 
1984 images, while J. J. Walsh and D. A. Dieterle of USF are 
performing the simulation analyses. 

Status: A 1979 time series of CZCS images during northwest wind 
events in March, April, May, and June has been compared to ship- 
board under-way chlorophyll maps and f luorescence/te.mperature/ 
depth profiles taken during cruises in the same time period. A 
manuscript, "Satellite detection of phytoplankton export from the 
mid-Atlantic Bight during the 1979 spring bloom," has been 
accepted by Deep-sea Research. A barotropic circulation sub-model 
has been developed at USF to simulate the flow response to winter- 
spring wind events. Using this sub-model, the simulated algal 
populations over 3 depth layers within the mid-Atlantic Bight are 
now being compared to the 1979 CZCS data set. Preliminary model 
results suggest that 10% of the primary production of the spring 
bloom on the shelf may be exported to slope waters. Compilation 
of all of the 1979-84 CZCS time series is now under way at RSMAS. 

Collection of the shipboard data from the mid-Atlantic Bight was 
sponsored by DOE and NOAA. 
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SCATTEROMETER MEASUREMENT ANALYSIS FOR WAVE 
AND ENVIRONMENTAL EFFECTS FOR ALGORITHM ENHANCEMENT 

Pr inc iDal  SnvestiRator:.Dr. David E. Weissman 
Department of Engineering 
Iiofstra University 
Hempstead, New York 11550 
Phone: (516) 560-5546 

Low Term Interests :  To model the  combined effects of ocean surface 
winds and waves on the  measured radar cross sect ion and Scatterometer 
data so t h a t  new algorithms can be developed t o  improve the  accuracy of 
mean surface wind estimates. The jo in t  effects of average surface rough- 
ness and spatial var ia t ions  induced by long ocean waves and wind turb-  
ulence w i l l  be incorporated i n t o  t h i s  model. In addition, the  discovery 
of these new dependencies point t he  way towards fu tu re  study of oceano- 
graphic and atmospheric motions t h a t  could not be observed previously 
with microwave radars. 

Specific Objectives: To create new multi-variable model functions f o r  
the  radar cross sect ion and show haw these models f i t  t h e  acquired data 
i n  several  experiments wi th  smaller e r r o r s  than a simple wind speed 
model. The goal is t o  create more accurate geophysical model functions 
for NSCAT applications.  

ADDrOaCh: The immediate object ive is t o  make m a s h u m  u t i l i z a t i o n  of t h e  
current data acquired from ocean towers and aircraft experiments t h a t  
include a wide range of geometric and environmental parameters. A valuable 
test w i l l  a l s o  come from a reexamination of some SEASAT data wi th  support- 
ing wave and environmental data. If new dependencies are discovered, then 
previous tower radar s tudies  w i l l  be ver i f ied.  New aircraft data acquired 
w i t h  the AMSCAT onboard t h e  ARC Gl3O dur ing  FASINEX w i l l  be studied for 
similar dependencies. 

Current Status: The SEASAT data has been divided i n t o  stable and 
unstable (with respect t o  air-sea temperature) collections.  The stable 
group infers a mean surface wind t h a t  differs from the  buoy winds by an 
amount t h a t  of ten increases  with the wave height. The unstable data 
shows a dependence on t h e  Monin-Obukhov length i n  addi t ion t o  t h e  wind. 
The ana lys is  of the  FASINM data w i l l  begin i n  t h e  near future.  The 
challenge here w i l l  be t o  incorporate t he  radar system geometric para- 
meters wi th  t he  several  geophysical var iables  i n t o  an accurate and easy- 
to-use model function. 

111-80 



SSMI DATA PROCESSING AND EVALUATION 

Frank J. Wentz 
Remote Sensing Systems 

475 Gate Five Road 
Sausalito, CA 94965 

(415) 332-8911 

Lonn-Term Interests: To  apply satellite microwave remote sensing to 
oceanographic and meteorological problems, with emphasis on efficient data 
processing systems. 

Objectives: This investigation will provide NASA investigators with global maps 
of SSMI water vapor, cloud water, rain rate, and wind speed over the world’s 
oceans. The capabilities and limitations of SSMI as an oceanographic and 
meteorological sensor will be assessed. 

Armroach: There are three phases in the investigation. The first phase is a pre- 
launch evaluation of SSMI capabilities. In this phase, the data collected by the 
SeaSat and Nimbus-7 microwave radiometers (SMMR) are used as a benchmark 
to predict the performance of SSMI in measuring water vapor, cloud water, rain, 
and wind. Our primary concern is the SSMI wind speed retrieval accuracy. 
SSMI will be relying on the 19 and 37 GHz channels to measure the near-surface 
wind speed. The second phase is to implement the SSMI data processing system 
and to do an initial sensor evaluation. The algorithm to be used does a one-step 
transformation from microwave antenna temperatures to environmental 
parameters. The first three months of SSMI data will be analyzed to determine 
if the sensor is operating properly and if the environmental products look 
reasonable. Histograms and global maps of the eilvironmental products will be 
generated and compared to climatology. These comparisons will provide the 
means to remove biases in the SSMI radiance measurements. In the third phase, 
the SSMI products will be delivered to collaborating oceanographers and 
meteorologists. In particular, the utility of these products for studying the 
ocean heat flux and mid-latitude cyclones will be ascertained. 

Status: The pre-launch evaluation has been completed. Global wind speeds were 
computed from the SMMR 21 and 37 GHz channels and were compared to scat- 
terometer (SASS) winds, NOAA data buoy winds, and winds coming from the 
SMMR 6.6 and 10.7 GHz channels. The results indicated that SSMI will measure 
wind speed to an accuracy of about 2 m/s at a 150 km resolution. The implemen- 
tation of the data processing system is now in progress. 
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DETERMINATION OF THE GENERAL CIRCULATION OF THE OCEAN AND THE 
MARINE GEOID USING SATELLITE ALTIMETRY 

Dr. Carl Wunsch 
M.I.T. 

Cambridge, MA 02139 
(617) 253-5937 

Objectives: 
capabilities of satellite altimetry and related measurements for 
the purpose of determining the general circulation of the ocean 
and its variability. 

The objectives of this project are to understand the 

Specific Objectives: 
measurements as instrument systems, including all sources of error 
ranging from orbits to instrumental noise. (2) Understanding 
optimum and sub-optimum, but computationally efficient, methods 
for handling altimetric data for studying the ocean. (3)  Using 
altimetric data to constrain models of the ocean circulation. 

(1) Understanding the details of altimetric 

Approach: 
including the "correction channels", to determine the frequency/ 
wavenumber structure of the errors and their correction. Use of 
optimal estimation theory (including inverse methods) for analyzing 
data and its combination with dynamical/kinematical models in 
various forms. 

Detailed analysis of the existing SEASAT observations, 

Status: 
POSEIDON project, for understanding of design issues for that 
program. Ground support planning for the project continues 
through US and international WOCE organizations. Re-analysis of 
the SEASAT data for error budgets in more detail than has been done 
in the past. This work, because of the size of the data set, is 
being transferred to a supercomputer. Have analyzed the optimal 
use of tide gauges (paper submitted for publication). General 
study of inverse/optimal estimation methods combined with dynamical 
models (various papers published). Awaiting release of GEOSAT data 
to try to use in western North Atlantic and northeast Pacific. 
Studying relationship between topography and geoid for optimal 
geoid estimation. 

IJe continue contact, prior to the AO, with the TOPEX/ 

*Partially supported also by the National Science Foundation. 
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PHOTOECOLOGY, OPTICAL PROPERTIES, ANI) REMOTE SENSING 
OF WARM CORE RINGS 

Charles S. Yentsch 
Bigelow Laboratory f o r  Ocean Sciences 

207/633-2173 
McKown Point, W. Boothbay Harbor, ME 04575 

Long-Term Interests: The study of c e l l u l a r  op t ics  is a t  the bas i s  
of understanding how l i g h t  is par t i t iozed  i n  the  sea. Our work 
focuses on measurements of fluorescence and l i g h t  absorption i n  
a l g a l  cu l tures  and marine bac ter ia  i n  an attempt t o  e s t ab l i sh  an 
empirical ana ly t ica l  model of the causal var ia t ion  and the  in te r -  
r e l a t ions  between the l i g h t  harvesting and emission processes, 

Objectives : To observe fluorescence and absorption processes i n  
na tura l  populations and relate these t o  oceanographic processes. 
This approach continues t o  upgrade the in te rpre ta t ion  of informa- 
t ion  obtained by ac t ive  and passive remote sensing data ,  and 
supplies the  concepts f o r  fu ture  remote sensing techniques. 

Approach: The fluorescence and absorption cha rac t e r i s t i c s  of 
phytoplankton populations were measured i n  conjunction with 
physical and chemical parameters associated with the anticyclonic 
processes. While va l ida t ing  algorithms f o r  water color  and Lidar 
measurements, change i n  op t i ca l  propert ies  were compared t o  the  
physical/chemical fea tures  associated with w a r m  core r ings ,  

Status:  Considerable var ia t ion  has been observed i n  the  l i g h t  
a t tenuat ion propert ies  of algae associated with these systems. 
This var ia t ion  produces a non-linearity i n  the re la t ionship  
between K and chlorophyll, and occurs a t  chlorophyll values less 
than 0.5-vglR. Comparative analysis  of phytoplankton, d e t r i t u s  
and water, confirms the  dominance of phytoplankton color  i n  Case 1 
waters. Case 2 waters exhib i t  a much higher dominance of attenu- 
a t o r s  other  than phytoplankton pigment. The measurements of 
c e l l u l a r  fluorescence have demonstrated t h a t  procaryote popula- 
t i ons  of d i f f e r ing  shor t  wavelength l i g h t  absorbers appear t o  be 
associated w i t h  d i f f e ren t  water masses of warm core r ings ,  Indica- 
t i ons  are tha t  i n  clear oligotrophic waters, blue absorbing pro- 
caryotes are more abundant than green absorbers. This d i s t r ibu t ion  
seems t o  be a function of overa l l  water c l a r i t y ,  hence a chromatic 
adaptation appears t o  be involved. Comparison of op t i ca l  cross- 
sect ions ind ica te  tha t  procaryotes represent about 10-20% of the  
t o t a l .  

This work w a s  supported by NASA, ONR, NSF, and the  S ta t e  of Maine. 
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ANAYSIS OF SEA I C E  DYNAMICS 

H. Jay Z w a l l y  
Oceans and I ce  Branch Code 671 
NASA/Goddard Space F l i g h t  Center 
Greenbelt, MD 20771 
( 301 ) 344-8239 

LONG-TERM INTEREST: Inves t i ga t i on  o f  t h e  dynamics and v a r i a b i l -  
i t y  of A r c t i c  and An ta rc t i c  sea i c e  and determinat ion o f  t h e  
v a l i d i t y  o f  a l t e r n a t e  methods f o r  e x t r a c t i n g  geophysical param- 
e te rs  from s a t e l l i t e  data. 

SPECIF IC  OBJECTIVES: 1) To i nves t i ga te  t h e  1 arge-scale dynamics 
and v a r i a b i l i t y  of t h e  A r c t i c  and An ta rc t i c  sea i c e  and associ- 
a ted oceanic and atmospheric processes, and 2) t o  evaluate ' the 
useful ness f o r  s c i e n t i f i c  s tud ies o f  geophysical parameters such 
as open water concentrat ion, mu1 ti year concentrat ion,  and t h i n  
i c e  coverage t h a t  are der ived from SMMR mul t i f requency passive 
microwave observations. 

APPROACH: Mul t i f requency passive-microwave SMMR data i n  o r b i t a l -  
m r m a t  are mapped i n t o  d a i l y  po l  ar-stereographic maps. 
Sequences o f  t h e  spa t ia l  d i s t r i b u t i o n  o f  sea i c e  parameters 
der ived  from t h e  microwave data a re  examined on d a i l y  t o  season- 
a l  t ime-scales t o  q u a n t i f y  t h e  changes i n  i c e  concentrat ion and 
mu l t i yea r  i c e  d i s t r i b u t i o n  and t o  study t h e  convergence and 
divergence o f  t h e  i c e  pack. 

STATUS: I n  t h e  A rc t i c ,  p re l im ina ry  s tud ies  have shown t h a t  t h e  
m e a r  i c e  d i s t r i b u t i o n s  derived from t h e  SMMR data can be 
used t o  study d r i f t  o f  t h e  mu l t i yea r  i c e  pack, in terannual  v a r i -  
a t i ons  i n  t h e  mu l t i yea r  d i s t r i b u t i o n ,  and t h e  convergence and 
divergence o f  t h e  i c e  pack dur ing  winter .  The boundary o f  t h e  
m u l t i y e a r  i c e  pack i s  wel l -def ined i n  t h e  microwave data and t h e  
la rge-sca le  d r i f t  o f  t h e  i c e  pack i s  i n d i c a t e d  by t h e  d isp lace-  
ment o f  t h e  boundary. Interannual v a r i a t i o n s  i n  t h e  mu l t i yea r  
d r i f t  p a t t e r n  and v a r i a t i o n s  i n  t h e  o v e r a l l  d i s t r i b u t i o n  are 
being analyzed and compared w i t h  i c e  modeling resu l t s .  
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GEOSAT I C E  ALTIMETRY DATA PROCESSING 

H. Jay Zwal ly 
Robert A. B i  ndschadl e r  
Oceans and I c e  Branch Code 671 
NASA/Goddard Space F l i g h t  Center 
Greenbelt, Mil 20771 
( 301 ) 344-8239 

LONG-TERM INTEREST: I n v e s t i g a t i o n  o f  t h e  dynamics and v a r i a b i l -  
i t y  o f  t h e  A n t a r c t i c  and Greenland i c e  sheets and f l o a t i n g  i c e  
she1 ves . 
SPECIF IC  OBJECTIVES: 1) To process t h e  GEOSAT a l t i m e t r y  data 
acqui red over i c e  t o  ob ta in  v a l i d  i c e  e leva t i ons  f o r  g l a c i o l o g i -  
ca l  research and 2) t o  v a l i d a t e  t h e  i c e  e l e v a t i o n  da ta  s e t  and 
make i t  ava i l ab le .  t o  t h e  s c i e n t i f i c  community. 

APPROACH: Data processing techniques t h a t  account f o r  d i f f e r e n -  
ces i n  the  operat ion o f  the  ocean radar a l t i m e t e r s  over i c e  
sur faces have been developed f o r  Seasat, b u t  need t o  be improved 
t o  handle the  more extens ive data set  expected from GEOSAT. 
Algor i thms for  computer " re t rack ing"  t h e  waveform data w i l l  be 
opt imized and t h e  means t o  e d i t  au tomat i ca l l y  t he  waveform 
co r rec t i ons  w i  11 be devel oped. Methods f o r  atmospheric and 
t i d e  co r rec t i ons  w i l l  be adapted and app l ied  t o  t h e  data. 
Several l e v e l s  o f  da ta  se ts  i n c l u d i n g  i c e  e leva t i ons  w i t h  cor-  
r e c t i o n s  i n  o r b i t a l  format, a geo-referenced data base, and 
gr idded e leva t i ons  w i l l  be produced and archived. 

STATUS: The r e t r a c k i n g  software developed for Seasat has been 
improved t o  minimize computer t ime w h i l e  ma in ta in ing  t h e  same 
p r e c i s i o n  i n  t h e  ret racked cor rec t ion .  Also, t h e  requirment for  
v i sua l  e d i t i n g  o f  i n v a l i d  f i t s  o f  t h e  waveform f u n c t i o n  t o  t h e  
da ta  has been e l iminated.  The re t rack ing  a lgor i thms have been 
t e s t e d  w i th  Seasat da ta  and t h e  sof tware has been mod i f ied  for  
GEOSAT data formats. Pre l im inary  processing w i l l  commence upon 
re lease o f  t h e  da ta  by t h e  U.S. Navy. 
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I C E  M A R G I N  MAPPING BY SATELLITE ALTIMETRY 

H. Jay Zwal ly 
Oceans and I c e  Branch Code 671 
NASA/Goddard Space F1 i ght  Center 
Greenbelt, MD 20771 
( 301 ) 344-8239 

LONG-TERM INTEREST: I n v e s t i g a t i o n  o f  t he  v a r i a b i l i t y  o f  t h e  
-ves and i c e  sheet margins by long-term observa- 
t i o n  o f  t h e  p o s i t i o n  o f  t h e  i c e  s h e l f  f r o n t ,  i c e  r i s e s ,  grounding 
l i n e s ,  and i c e  sheet margins. 

S P E C I F I C  OBJECTIVES: 1) To determine t h e  p o s i t i o n  and e leva t i on  
Ot t h  e seaward i c e  margins o f  t he  A n t a r c t i c  i c e  shelves and 
grounded coasta l  margins no r th  o f  7 Z o S ,  and 2) To analyze eleva- 
t i o n  p r o f i l e s  f o r  evidence o f  i c e  r i s e s  and grounding l i n e  pos i -  
t i ons .  

APPROACH: The bas ic  approach i s  t o  u t i l i z e  t h e  Seasat radar a l t i -  
meter data s e t  t o  de r i ve  t h e  geographic coord inates o f  t he  sea- 
ward i c e  margins and i c e  s h e l f  e levat ions.  The major e f f o r t  
cons i s t s  o f  a d e t a i l e d  ana lys is  o f  t h e  Seasat da ta  i n  t h e  v i c i n -  
i t y  o f  t he  ice-to-ocean and ocean-to-ice boundary crossings. 
The bas ic  techn i  que o f  ice-she1 f margin mapping was demonstrated 
by t h e  ana lys i s  o f  t h e  successive a l t i m e t e r  waveforms ( r e f l e c t e d  
radar  s igna ls )  along a few Seasat t r a c k s  c ross ing  t h e  i c e  s h e l f -  
ocean boundary (Thomas e t .  al., 1983). The same technique i s  
expected t o  apply  t o  the  i c e  "wa l ls "  where grounded i c e  calves 
d i  r e c t l y  i n t o  t h e  sea. Semi -automated techniques a re  devel oped 
t o  analyze t h e  e n t i r e  se t  o f  Seasat boundary cross ings and t o  
map most o f  t h e  An ta rc t i c  c o a s t l i n e  n o r t h  o f  72OS. I ce  she l f  
e l e v a t i o n  p r o f i l e s  w i l l  be referenced t o  a common ocean surface. 
The e leva t i on  p r o f i l e s  w i l l  be analyzed f o r  evidence of i c e  
r i s e s  and t h e  p o s i t i o n s  o f  grounding l i n e s ,  and w i l l  be used t o  
est imate i c e  s h e l f  th ickness. 

STATUS: The Seasat radar  a l t i m e t e r  data along t h e  e n t i r e  Antarc- 
t i c  c o a s t l i n e  no r th  o f  72' i s  be ing analyzed us ing i n t e r a c t i v e  
sof tware on an HP9845C. The procedure i nc ludes  d i s p l a y  o f  t h e  
waveforms i n  t h e  v i c i n i t y  o f  each i c e  margin crossing, exam- 
i n a t i o n  and c o r r e c t i o n  o f  t h e  t r a c k  po in ts ,  d i s p l a y  o f  apparent 
e leva t ions ,  and c a l c u l a t i o n  and mapping o f  t h e  i c e  margin pos i -  
t i o n .  Approximately 70% o f  t h e  c o a s t l i n e  cross ings have been 
analyzed and t h e  p o s i t i o n s  are being compared w i t h  e x i s t i n g  maps 
and Landsat imagery. 
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